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THE EFFECT OF SIMULATED HAIL DAMAGE ON 
SELECTED VEGETABLE CROPS 
INTRODUCTION 
In the normal culture of truck and field crops, the 
plants may be damaged by drought, -wind, hail, insect and 
disease infestation or by machinery used in culture and 
pest control. Such damage may be caused by a single factor 
or a combination of two or more factors occurring at any 
time during the growth of the crop. The degree of damage 
and period of growth when such damage occurs may vary the 
productive capacity of the crop by varying degrees. 
This particular problem will concern itself with 
hail, as a primary factor, in studying the effects of varying 
degrees of plant damage (foliar and/or stalk) on maturity, 
grade, and yield of the damaged crops. The damage was 
caused by artificial hail of varying intensities occurring 
at several different stages of growth* 
In this experiment, simulated hail damage studies were 
conducted on three important crops{ a three year study on 
potatoes from 1951 through 1953J a one year study on tomatoes 
during 1952j and a one year study on beans in?, 1953. 
Many workers have conducted hail damage Jfcdies on 
several crops using artificial means such as rasps, beaters, 
shredders and whips. None of these studies, however, have 
simulated actual hailstorm conditions of wind, water snd Ixb #iich 
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usually accompany natural storms. This particular study, 
therefore, proposed to duplicate the actual conditions of 
a hailstorm in an effort to evaluate all the factors 
affecting crop production and yield* 
Under actual conditions, hail damage to crop plants 
involves the combined effects of hail, wind and rain. In 
this study of hail damage, it seemed advisable, therefore, 
to simulate as nearly as possible the actual damage, but 
under controlled conditions* To combine hall, wind, and 
water in one treatment called for a machine to do the Job. 
Since a machine was not available, one had to be designed. 
A machine to simulate hail storms was developed by the 
University of Massachusetts in 1951- The experiment carried 
on in 1951 was one of developmental study. Moderate changes 
in the machine were made to improve its efficiency and to 
control feed of water, wind and Ice to insure a uniform flow 
of each. From observations and experiences obtained In 
1952, other small modifications were made to improve a 
uniform flow of ice and to obtain greater air efficiency. 
As presently set up, one application of hall from the machine 
constitutes light damage, two applications on the same row, 
medium damage; and three applications, heavy damage* The 
damage thus Inflicted upon growing crops appears very realistic 
as adjudged by numerous hail adjusters who have seen the 
effects of the machine In operation* In view of the fact 
this is an experimental machine, it seems logical to believe 
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that improvements can continue in order to greatly improve 
its efficiency* 
In addition to machine damage applied in three degrees 
of intensity, man-made damage, similar to types used by 
other investigators, was employed for comparison. Man-made 
damage lacks the overall effect that comes with naturally 
occurring hail storms* Man-made damage may bruise, defoliate 
or remove branches, flowers, and fruits, but the effect of 
wind, water, and ice are absent. However, by controlled 
damage studies, a more specific basis on which to evaluate 
the percentage of damage applied to a given plant or crop is 
permitted* 
OBJECTIVES 
The annual national loss of crop plants due to damage 
from hail at present prices Is estimated to b© about 200 
million dollars a year (10). Because of this fact, many 
farmers seek some protection through insurance against 
partial or total loss of their basic income. 
In the adjustment of such insured losses, it is necessary 
to effectively and accurately evaluate damage caused by hail 
alone. Losses that may be due to other factors, such as 
culture, diseases, insects, variable weather, etc. must be 
excluded. In effect, therefore, in the evaluation of a loss 
to a given crop, the adjuster must differentiate between 
damage due to hail and that due to other causes. 
— 4: — 
Damage to plants due to hall will vary materially 
on the basis of severity of such damage, the degree of 
defoliation and stalk injury, the time of damage in relation 
to the maturity of the crop and the weather immediately 
before and after the injury occurs* 
Studies of certain crop plants based on degree and 
time of injury and their effect on reduction in yield of 
the crop in question have indicated that factors of damage 
may be fairly accurately established* 
Previous research work by other workers in the eval¬ 
uation of hail damage to crop plants involved only artificial 
means such as the use of beaters, rasps, flails, etc., for 
simulating such damage; the use of wind, rain, and ice 
crystals which accompany a natural hail storm on crops have 
not been combined in an attempt to duplicate a hailstorm* 
A realistic approach to the study of the type and degree 
of damage to crop plants caused by hail is to simulate the 
actual conditions as nearly as possible. This is the basis 
of these studies as designated in the following specific 
objectives; 
1. To develop a method or machine by which the 
inclusion of water, vdnd and ice can be used to 
simulate natural hail storms. This first 
objective had to be accomplished before any 
further work could commence. 
2. To determine how varying degrees of damage, 
when applied at different stages of maturity 
in the growth period, affect total yield, 
marketable yield and time of maturity of such 
crops as potatoes, tomatoes and beans. 
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5. To determine the relationship of cultural 
practices end, wherever possible, weather 
conditions to the subsequent growth of plants 
which show varying degrees of damage applied 
at various stages of the maturity cycle of 
the involved crops. 
4. To attempt to establish a procedure or factor 
for field evaluation of a given degree of 
plant damage when the damage is applied at 
varying stages of crop maturity on quality and 
yield of the several crops involved. 
5. To evaluate, if possible, the relationship 
between hail damage and disease or insect 
infestation that may develop as a result of 
different degrees of plant damage when applied. 
REVIEW OS’ LITERATURE 
The literature available on simulated hail damage 
to vegetable and agronomic crops is not very extensive. 
This is understandable when on© considers the difficulty in 
setting up an experiment where one can apply and control 
elements, namely wind, water, and ice in the form of hail, 
which normally accompany a naturally occurring hail storm. 
Defoliation and simulated hail damage studies have been 
conducted with several economic crops. Com and grain have 
received the most attention because they are grown in areas 
where hail storms are most prevalent. 
In some early work on corn, Bungan (6) 1929 found, 
over a four year period, that blade removal severely 
affected com yields, especially removal during the early 
silk stage. The quality of grain was also markedly affected. 
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He found that removal of the outer or tip half of the 
leaf was more damaging than removal of alternate 4-inch 
section on each side of the midrib* These two types of 
defoliation were more detrimental than removal of half the 
number of blades or the removal of blades from one side 
of the plant. He also found that breaking the midrib was 
more damaging to yields than splitting the blade on each 
side at right angles to the midrib# 
In some further work, Dungan (7) 1931 found that corn 
plants were most damaged by defoliation at the tasseling 
stage. Results obtained from treatments between "tasseling 
and fresh silk stage showed that removal of half the leaves 
reduced the yield 37 per cent and removal of two-thirds 
of the leaves reduced the yield but 49 percent — removal 
of all the leaves at this time resulted in a 100 percent 
yield reduction• " 
Loomis and Burnett (17) also working on com concurred 
with Dungan that leaf removal at any stage was detrimental, 
hut that the same amount of damage reduced yield most when 
applied during the early silk stage# 
Hume and Frankzee (12) reached the same conclusions 
which Dungan and Loomis and Burnett had made# They stated 
that the most critical period for leaf removal on the com 
plant was between the "full tassel" and "blister" stages* 
Eldredge (8) 1935, working on the effect of simulated 
hail damage on the development of com, found that the most 
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critical period for com injury ms the taeseling period, 
end that leal* shredding alone wee more injurious than 
bruising ©lone. Severe bruising of stalks and ears along 
with severe leaf shredding reduced grain yield 64 percent 
before tcsseling, and 77 percent at the tasseling stage. 
In comparing shredding only with bruising only, over a two 
year period, he found that bruising reduced the yield 55 
percent at the critical taeseling period, while shredding 
reduced the yield 64 percent at this period. A combination 
of these two at this time reduced yield only 13 percent 
more than shredding alone. 
Data obtained by Kiesselbach and Lyness (14) in 
Nebraska agree with that of the preceding workers on the 
critical time for corn plant injury. They found that loss 
of a portion of leaves reduces grain yield, but not in pro- 
> 
portion to leaf loss, especially where the older and lower 
leaves are damaged. For a nine year average they found that 
plants cut off one inch above the ground when they were 8 
inches tall yielded 67 percent of the control plots, compared 
to 3£ percent of the controls when similarly cut off when 
the plants were JL6 inches tell. In the former the growing 
point was still underground and uninjured. Complete defoliation 
at the initial tassel stage gave a yield of less than 1 percent 
of a normal grain yield. Similar ©mounts of leaf loss before 
and after this period resulted in higher grain yields. 
Cameiyet. al. (£), studying simulated hail damage on 
soybeans and com during 1949 and 1950, found weather to be 
- 8 - 
an important factor affecting the ultimate yields* Both 
seasons were dry, but the 1950 season was abnormally cool* 
Growth of corn was considerably slower in 1950 than in 
1949. By the time the plant reached the 40 percent tassel 
stage, a 9 day growth lag was evident, and an 11 day growth 
lag at the time of final treatment in comparison to the 
1949 growth rate. Weather conditions before and after 
treatment also had a significant effect on soybeans. A 100 
percent defoliation of soybeans in 1949 at the first stage 
of growth when the plants were 4 to 5 inches high resulted 
in a yield of 95.6 percent of the check, while in 1950 the 
same treatment resulted in a yield of 82.8 percent of the 
check. Weather data showed that the day after the 1950 
treatment 2.48 inches of rain fell. Above normal soil 
temperatures for the following three days along with the 
rain were sufficiently damaging to kill previously-damaged 
plants. 
Eldre&ge (9) 1937 found that weather was an important 
factor affecting the recovery of small grains. In studies 
of oats, he found that while, in some years, oats broken 
off near the ground resulted in a total loss, while, in 
other years, the same amount of damage at similar stages 
of growth resulted in recovery and production of a fair crop. 
He found that when plants were beaten off at the surface, 
they showed similar responses* 
"Yields of barley and wheat showed the stage 
when there was no recovery being about the same 
as for oats, namely, when the heads were in boot* 
If considered by date of injury, the barley and 
wheat appear to be less able to recover, or show 
inability to recover at an earlier date, but when 
the stage of maturity is considered it vd.ll be V 
seen that their behavior is similar to oats. The 
results in this experiment indicate that grain 
severely injured in the grass stage, before the 
growing point is above the surface, is reduced 
in yield 10 to 50 percent, depending upon season 
and stage of maturity. When the growing point 
is 1 to 2 inches above the surface the yield is 
reduced about 75 percent. Yields which resulted 
from plots injured after the growing point was 
above the surface come from tillers which 
developed after the injury." 
Simulated hail injury to soybeans was studied by 
Kalton et. al. (13) 1949. Three degrees of damage were 
inflicted at ten stages of growth from 1943 through 1946. 
Two methods of plant damage were employed. In the first 
method, various amounts of leaves and stems were removed 
by clipping with shears. In the second method, a paddle- 
like board was used on which were mounted several wire 
hooks. Their results indicated little difference in yield 
with the two different methods used for damaging. The 
most critical period for yield reduction appeared to be 
the time of seed development on the lower pods. Light, 
medium, and heavy damage reduced yield 27, 50, and 77 
percent respectively. Tney also found that removal of 25 
or 50 percent of stand when the plants were 4 to 6 inches 
high had only a very slight effect on yield. A 75 percent 
stand reduction during this stage resulted in a definite 
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decrease in yield in 1945 but none the following year* 
They attribute this to better recovery condition in 1946* 
The greatest decreases in yield occurred when the stands 
were reduced with beans approaching the "green bean" 
stage, plant height being 33 to 36 inches, 
Hawthorne (11), conducted defoliation studies of 
onions as a basis for studying hail losses. Treatments 
in 1943 were conducted weekly starting six weeks before 
harvesting. Two treatments were employed. In one treat¬ 
ment, all of the foliage was cut off at the neck, just 
below the base of the lowest bladej in the other treatment, 
in which half the foliage was considered lost, foliage 
was cut off approximately one third of the way up from 
the base of the lowest leaf. In 1944 these treatments 
were started 11 weeks before harvest, which corresponds 
to the time of bulbing. He concluded that "the amount of 
injury to the foliage was on the whole more important than 
the time at which it occurred. There was always a 
significant difference between the yield resulting from 
total loss of foliage, and that resulting from only half 
a loss of foliage, irrespective of the time at which such 
injury occurred.rt/ 
Beltz (£7) studying hail resistance among different 
varieties of wheat reported that late strains were less 
damaged than early strains, but there was a sign!ficent 
difference between varieties maturing at the same time. 
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The author states that several factors appear to cause 
variation in hail loss, among which are natural tendency 
to shatter, straw character, resiliency, plant recovery, 
amount of salvage, size of hail stonea and angle of impact 
of hail stones, 
Sieges (15) reported that flax reacted similarly to 
small grains in simulated hail damage studies. In his 
investigation, he found that mechanical injury was more 
detrimental to yields, than leaf removal and that the 
ordtical peri. od was at the budding and flowering stages, 
Recently, Cemery end Weber (1) reported on hail injury 
to soybeans end corn. In the experiment on corn, they 
noted that the yield was least affected by injury applied 
before the bloom period, and that, on beans, yield was 
most consistently reduced at seed development of the lower 
pods. 
Kraus (16) conducted a series of experiments on the 
effect of reducing the number of stems of potatoes at 
different growth stages. He found that the greater the 
plant when the stem was defoliated, the greater the 
detrimental effect on yield, 
Takatori et. al, (£9), In working with potatoes, 
studied the effect of different degrees of defoliation on 
yield and quality of tubers. Studies were conducted over 
a two year period. Defoliation was of two types: hand and 
mechanical. Hand defoliation of a complete leaf consisted 
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of pinching off the leaf at the base of the petiole* 
Where there was only partial leaf removal, the leaf was 
cut across the midrib* Foliage was removed uniformly 
from the entire plant* Mechanical defoliation was 
accomplished by flaying the plants* 
Talent or (£8) found, in general, that the reduction v 
in total yield and U. S* No. l#s was greater with mechanical 
(bruising) defoliation than with hand defoliation, and 
that there was no significant difference in the yield of 
unmarketable tubers* Foliage v/as removed at three growth 
stages - G-inch stage, 12-inch stage, and the nnear-maturity” 
stage. He found that total yield decreased progressively 
with the delay of defoliation* Yield of TJ,S. No* l*s, 
however, decreased most when the foliage was removed during 
the 12-inch stage. In attempting to establish the most 
critical period in regard to yield vend tuber quality he 
states: 
"For total yield the defoliations made at the 
near maturity stage produced the largest reduction 
in yield. For U.S* Ho* 1fs the defoliation at 
the 12-inch stage effected the greatest reduction 
in yield. These trends ?/ere significant for both 
seasons* Malformed and knobby tubers were increased 
when the foliage was destroyed during the 12-lnch 
stage. These quantities increased as greater 
amounts of foliage were destroyed*" 
A MACHINE TO SIMULATE HAIL STORMS 
The development of a machine to simulate actual 
hail damage to crop plant was initiated in 1951. It 
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involved, in effect#. til© designing and building of a 
mac nine that would force a mixture of crushed Im and 
water into a controlled air stream in order that the 
amount and velocity of loo and water could fee ejected on 
a regulated basis to simulate differing degrees of hail 
injury to plants* 
The initial work was under the supervision of Professor 
Grant B. Snyder, Head of the Department of Olericulture, 
Professor &. B. Stapleton, Head of the Department of 
Agricultural Engineering at the Omivarsity of Massachusetts, 
and Mr* George E. Tirrall* of Greenfield, Massachusetts, 
designer of the Mist Sprayer. The actual construction of 
the machine was under the direction of Mr. Tirrell assisted 
by Mr. W, Bradford Johnson of the Department of Olericulture 
at the University of Massachusetts. 
A number of experimental machines ware built prior 
to the on© that was finally adopted. Evm yet modifications 
are feeing made to provide greater control and accuracy of 
application of ice, water and wind. 
Construction of machine bases 
The machine base is made of oak and plywood, and 
consists of two Identical sections placed back to back* 
Two large round flat steel discs separate the plywood 
flooring of the two base sections which are held together 
at the center fey a l£ inch axle tube that allows the top 
section to rotate upon the stationary lower section. The 
^opreTentait I've' THT fa rquKar ’ MTst'n^p r ay¥.r^- 
Division) fork, Pennsylvania, 
** 14 - 
steal discs and floor space between the sections are 
smeared with grease to facilitate turning* 
Wood was chosen as material for the machine ba.se for 
several reasons, most important of which was to reduce 
end absorb vibration* 
The completed base is attached to a tractor draw 
bar with mounting, and is securely fastened to an adjustable 
wheel trailer. 
Construction of the machine: 
At the forward end of the top base section Is located 
a raised platform made of 14” angle Iron and oak hoards. 
This platfora mounts on a 10~horse-power gasoline engine* 
Four plots are used to anchor the engine, and are 
designed in such a way as to serve as jack-screws for^ 
belt adjustment. 
On the engine drive shaft is a steel sheave for a 
B section v. belt. This sheave powers a jack-shaft; which 
in turn powers an Ice conveyor and water pump* Also on 
the engine drive shaft is. t 2 groove sheave for B section 
v* belts. This sheave powers end 18" axial air flow blower. 
In back of the engine platform, two Zn angle iron 
posts are bolted to both too base side pieces. Two 2W 
angle iron pieces are bolted to the top of these posts 
to form a mounting platform for jack-shaft and blower. 
These pieces are flush with the right hand posts, but 
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extend beyond the left hand posts to bring the blower 
into alignment with the crop row. The blower is bolted 
fast to these cross pieces, A wood floor is placed in 
the remaining distance from the blower housing to the 
extreme right side, 
Midway on this floor is located the jack-shaft for 
ice conveyance and water pump drive. Two bronze-bushed, 
pillow-block bearings are mounted on oak blocks, and the 
anchor bolts extend through slots cut into the flooring 
providing for belt adjustment, A low box, high enough to 
clear the jack-shaft bearings, covers the jack-shaft, and 
provides a platform to carry extra ice. 
At the engine end of the jack-shaft is a large v, 
sheave suitable to reduce jack-shaft speed, and at the 
conveyor end of the jack-shaft is a small sheave to 
reduce conveyor belt speed. Also at the conveyor end of 
the jack-shaft is a small sheave to drive the water pump. 
An operators platform is attached to the steel 
posts, and extends toward the trailer wheel at top mounting 
base level. All controls to operate the machine are 
handy to this platform. 
The ice conveyor; 
The ice conveyor is constructed of pine boards, the 
full length of side and bottom. The sides are lined with 
plywood. 
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At the tipper, lower and central parts of the 
conveyor housing are bolted angle irons which mount 
pillow block bearings. The upper and lower mountings 
are for the conveyor pully shafting and the center 
mounting i« for a conveyor speed reducing sheave. The 
lower angle irons have milled slots to allow for conveyor 
belt adjustment and also mount belt adjusting screws. 
The conveyor pulleys are 4* x 6" flat, and the belt is 
4 ply rubberised fabric. 
To the belt, metal angles of light gauge material 
are riveted, end, to these angles, oak wood cleats l^w 
wide and 6W long ere bolted. 
There ere 18 pockets thus formed on the conveyor* 
A short distance at the lower end,the conveyor is boxed 
on all 4 sides to cover the lower pulley and to provide 
for a trap to prevent the ice from falling into the lower 
section. At the upper end of this cover is located a fan 
hopper, high and wide toward the rear and narrowing to 
the conveyor at the bottom sod front, open at the top and 
front ends. The central section of the conveyor is open 
for visual evidence of operating performance* The upper 
section is covered over the drive pulley and ice receiver* 
On the shafting, located, through the center section 
of the conveyor housing, is located a large sheave belted 
to a small sheave on the jack-shaft. The pillow block 
mountings on the conveyor are milled for belt adjustment* 
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On this shafting is also a small sheave belted to a 
large sheave on the conveyor drive shaft. This is a slack 
belt, and it puts the conveyor into operation when the 
operator applies a presser pulley mounted on the conveyor 
support post* 
Two 2” angle iron pieces are bolted at right angles 
to the blower mounting posts, and extend toward the rear 
for a proper distance to accomodate the conveyor support 
posts, which are bolted to these pieces and the conveyor 
housing* 
An 1c© receiver is located at the upper end of the 
conveyor and is fitted to the contour of the air outlet 
pipe from the blower* 
This receiver is ©quipped with a trap door, 'which 
opens when a weight of ice is applied allowing the ice to 
flow into the air stream* 
When the weight of the ice is removed, the trap closes 
preventing the air blast from escaping into the ice receiver* 
The belt retio for driving the conveyor is designed 
to have 180 pockets empty into the receiver per minute* 
Blower~Transitlon>Xft seharge Outlet 
The 18* axial flow blower delivers 6500 cubic feet of 
air per minute throu^i a 1£" outlet when the rotation is 
3 £00 revolutions per minute* Static pressure 5W, air 
velocity 90 miles per hour and 3 horse powar are required* 
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The transition piece, attached to the hlower, 
tapers from 18* to 12*. A section of 12* pipe, 12" long, 
extends from this point. The conveyor ice receiver is 
attached to the top side of this piece. Attache>d to the 
discharge end of this piece are two aluminum rings recessed 
and designed for directional rotation of the discharge 
section. Attached to the outer directioning ring is an 
elbow, 18* in diameter at the intake end changing to a 
rectangular shape at the outlet end. 
The angle of discharge derived from the elbow is 
designed to have the ice contact ground plants approximately 
20 feet from the outlet. The rectangular outlet is designed 
to have the same square inch displacement as the 12* round 
outlet. 
The ice receiver is placed at a distance from the 
outlet to allow the ice pellets sufficient time to absorb 
force from the manufactured air so that the pellets will 
pass from the outlet at a velocity equal to that of moving 
air. 
Rain-maker: 
In the space underneath the blower mounting posts is 
located a 50 gallon steel drum for containing water. A 3/8" 
gear pump with built-in pressure regulator i3 attached to 
the left rear blower mounting post. This mounting is milled 
to allow for belt adjustment. 
An A. section v. belt is used to drive the pump. 
A 3/8* copper tubing extends from the bottom of the 50 
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Plat© 1* Mr* W* B. Johnson of the 
Olericulture Department on a 
test run with the hail 
machine* 
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gallon drum to the pump. At the pump outlet Is a quick 
action gate valve operated by remote control from the 
operators platform. From the valve, a 3/8" length of 
copper tubing extends upward through the bottom part of 
the 12" air tub© and into the air stream underneath the 
ft 
ice receiver. Vfhile the machine is in operation, this 
# 
tubing discharges its full sized column of water into the 
air stream of air and ice cubes. 
This is done to simulate, as nearly as possible, 
the amount of water that usually falls during a hail 
storm. 
Accessories; 
The engine*s gasoline tank is mounted from brackets 
bolted to the left side blower mounting post. 
On the left rear corner of the jack~3haft mounting 
platform is mounted the remote control lever for the rain¬ 
water, and on the right front corner of the same platform, 
conveniently located, is an engine throttle control lever. 
The operator fills the 50 gallon drum with water, 
and empties one 40 lb. sack of So. 2 cracked ice into the 
conveyor hopper. He then places several sacks of ice 
cubes on the Ice platform. Next, he starts the engine and 
throttles it to idle. Tn© tractor driver then locates the 
row of crops to be hail-damaged. At a signal from the 
operator, the tractor moves forward in low gear with the 
£1 
throttle well reduced* In rapid succession, the 
operator advances the engine to full throttle* open the 
rainmaker valve and adjusts the conveyor belt tightener$ 
thus starting a flow of Ice cubes into the air stream* 
The hail storm is now under way* 
MATERIALS AND EiSTBOSB {1951} 
On May 15, 1951, potato plots were planted by 
machine at the University -of Massachusetts fam* 
Fertiliser was distributed at the same time by the machine 
at a rate of 1500 lbs* of 5-S~7 per acre* The soil was 
a fine, sandy loam, primarily of the Scarborough Series? 
modified by irregular underground drainage* There were 
100 Xatahdln plots end 54 Chippewa plots, each plot 
consisting of a single £5 ft* row with plants spaced on 
an average of 8* apart. Plot rows were spaced 36* apart* 
Plots to be treated were selected, at random* selection 
be5,ng based solely on rows of comparable stage of develop*- 
msnfc. 
Treatments were largely hand damage In nature 
and were,applied in a series. (Tables 4, 5, and 6} Bach 
series consisted of three kinds of damage, e&oh kind 
being applied in three intensities; light (£8$), medium 
(50$), and heavy (75$). The three kinds were? {1} defolia¬ 
tion (in some cases confined to heavy intensity only}# 
(8) leaf and stalk removal, and (3} beater damage* Bach 
series was repeated at 10-14 day interval®. 
For defoliation and leaf-stalk treatments, a 
pair of pruning shears was used, in each case, the 
damage was made by treating leaves and stems which were 
counted to arrive at the exact percentage of damage. 
This method was very time consuming. 
The beater used was a home-made wooden triangle 
and handle with 8 strips of rubber inner tube lashed 
to staples on the bass of the triangle. On each rubber 
strip, a metal nut, lw square was lashed. The beater 
was used as a flail to inflict an estimated 25, 50, and 
75 percent damage. It was most effective when plants 
were young, but damage did not simulate actual storm 
conditions. In addition to the treated plots, control 
plots were maintained with normal culture to serve for 
comparison with the treatments* 
For each series of treatments, an additional, study 
of plant development was made to observe plant growth 
with reference to foliage, flowering and tuber growth. 
Bata were recorded for such items as plant height, spread, 
number of branches, number of leaves, time of flowering, 
time of tuber formation, weight of plant by parts including 
weight and number of tubers according to size. These 
data were recorded for 20 plants of a series* 
Other types of treatments and plant data records 
were made at the field of a cooperating grower. 
General observations were mad© of the recovery that 
plants made after treatment. 
£3 
Some plots from the tfniversity and front the growerfs 
field were used .for testa with the hall machine developed 
during the year* 
At .maturity9 all plots were harvested together, 
and the tubers were taken to a grader* Those tubers* 
harvested at the University, were graded into £ 
those 2" and over in one groups and those below 2* in 
another* The tubers taken to the grower's grader were 
placed in b1s@& A and B* Weights were recorded for 
those falling into each slae* Results are presented in 
Tables 4, 5 and 6, 
MATERIALS AND METHODS {195£ AMD 1953) 
The material, and methods were essentially the 
same for both years* Differences,where they occur, will 
be mentioned later* All experimental plots ware located 
on Brooks Farm, the University of Massachusetts expert** 
mental fam. Mechanical and hand damage studies were 
conducted on the crops concerned for two seasons* . All 
treatments were randomised. 
POTATO EXPERIMENT 
Seed Variety: 
Certified, blue tag, Katah&in-'variety seed potatoes 
were used both season®* Single-eye, out seed pieces, 




—mi 'hummu—i—f « i ,• .n i .nan—   
On May 7, 1952 and May £0, 1953, the seed pieces 
were hand set 8* between each piece in th© row and 36* 
between rows* Fertilizer was applied at the rate of 
1800 pounds of 5-8-7 grade per acre with 1£00 pounds 
being broadcast prior to final soil fitting and 600 
pounds in the drill at time of planting. Hemal culti¬ 
vation Has practiced. 
The planting in 1958 followed a crop of potatoes 
in 1951, which was followed by a winter cover crop of rye. 
The 1953 plantings were moved to another section of the 
farm on land previously in light sod. 
A normal spray program was followed using Bor beau 
mixtura to control blight and DDT for leaf hopper. The 
outline for the experiment of both seasons is shown in 
Table 1. The field layout for 1958 Is shown in Figure 1, 
and in Figure £ the layout for 1953 is shown. 
Mechanical Deimage? (Machine) 
The possibility that potatoes might react differently 
to the effects of simulated hail damage at various times 
with various degrees of damage, prompted the inclusion 
of three rates of damage to be applied at five rather 
distinct growth stages. The rate© selected were on the 
basis of the previous years study, the different times 
were selected because they were considered to bo critical 
periods in the physiology of the plant, and also because 
t 
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of their easy identification. Light damage consisted 
of hitting plants with 1.8 pounds of cracked ice per 
linear foot of row; medium damage, with 3.6 pounds; and 
heavy damage, with 5.4 pounds. The same degrees of 
damage were applied at all the different growth stages. 
Number 2 grade commercial cracked ice was used. Plots 
were 25 feet in length for both seasons, replicated 
five times in 1952 and four times in 1953. 
Hand Damage? 
Three rates of damage were applied at the same 
growth stages as in the mechanical damage. For simplicity, 
the three rates of damage were designated as 25# damage, 
* 
■ 
50# damage and 75# damage. For 25# damage, one*fourth 
i 
of the stems were first cut off, then defoliation of 
one-fourth of the leaves from the remaining portions of 
\ < 
the plant was undertaken. Every fourth leaf was cut off, 
beginning from the lowest portion of the branch. The same 
procedure was followed for the other degrees of damage 
except that 1/2 and 3/4 of the stems and leaves were removed, 
respectively. In 1952, the hand-damaged plots were 7 
feet in length, and were replicated five times; in 1953, 
the plots were 25 feet, and were replicated four times. 
TOMATO EXPERIMENT (1952) 
Variety: 
Stokesdale variety of tomatoes were used. Plants 
were approximately 12” in height when planted. 
26 
Cultural Practices? 
Plants ware set out on a 5* x 5f basis the first 
week in June. A treatment consisted of five plants 
replicated four times* Hecommended fertilizer practices 
were followed, and plots were kept free from weeds. 
Mechanical and hand damage was employed. The experiment 
outline is shown in Table 2. The field lay-out is 
shown in Figure 3. 
Mechanical Damage: 
The type, method and rate of damage were similar 
to the mechanical damage applied on potatoes. Some 
degrees of damage were omitted at different growth 
stages, as noted in Table £, because field space was 
lacking. 
Hand Damage: 
The type, method and rate were similar to that 
employed for hand damage to potatoes, except that fruits 
were removed in addition. 
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Table I* Outline of Potato Experiment for 1952 and 1953 
Treatment 
No, 
Degree of Damage 
Machine Hand ~ 




1 Light £5# 8W - 1GW 6/24 7/1 
2 Medium 50$ 8* - 10" 6/24 7/1 
3 Heavy 75$ 8* - 10" 6/24 7/1 
4 Control Control 8* - 10” « 
5 Light 25$ First Flowers 7/1 7/8 
6 Medium 50$ First Flowers 7/1 7/8 
7 Heavy 75$ First Flowers 7/1 7/8 
8 Control Control First Flowers - - 
9 Light 25$ Full Bloom 7/11 7/24 
10 Medium 50$ Full Bloom 7/11 7/24 
11 Heavy 75$ Full Bloom 7/11 7/24 
12 Control Control Full Bloom - - 
13 Light 25$ £ weeks after 7/24 8/6 
14 Medium 50$ 2 weeks after 7/24 8/6 
15 Heavy 75$ 2 weeks after 7/24 8/ 6 
16 Control Control 2 weeks after 
17 Light 25$ 4 weeks after 8/7 8/14 
18 Medium 50$ 4 weeks after 8/7 8/14 
19 Heavy 75$ 4 weeks after 8/7 8/14 
20 Control Control 4 weeks after 8/7 8/14 
•"J i- 
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Table 2. , Outline for Tomato Experiment of 19$£ 
Treatment Degree of Damage Growth Stag© Time of 
NO, Machine Hand Treatment 
1 Light - Z weeks after set 8/24 
£ Heavy 
- 
3 weeks after set 6/24 
3 Control * 3 weeks after set 8/24 
4 Light 25$ 5 weeks after set 7/11 
5 Medium 50$ 5 weeks after set 7/11 
6 Heavy 75$ 5 weeks- after set 7/11 
7 Control Control 5 weeks after set 7/11 
8 Light 25$ 8 weeks after set 7/SI 
9 Heavy 50$ 8 weeks after set 7/31 
10 Control 75$ 8 weeks after set 7/31 
11 - Control 8 weeks after set 7/31 
30 - 
Table 3. Outline of Bean Experiment for 1953 
Treatment 
No* 
Degree of Damage 
Machine Hand 
Growth Stage Time of 
Treatment 
1 Light 25% gw 7/1 
2 Medium 50% gw 7/1 
3 Heavy 75% 6* 7/1 
4 Control Control 6« 
5 Light 25% 12* 7/8 
6 Medium 50% 12" 7/e 
7 Heavy 75% 12* 7/e 
6 Control Control 12* 
9 Light £5% Full Bloom 7/24 
10 Medium 50% 11*11 Bloom 7/84 
11 Heavy 75% Full Bloom 7/24 
IE Control Control Full Bloom «K» 
13 Light £5% Bean Set 8/5 
14 Medium 50% Bean Sot 8/5 
15 Heavy 75% Bean £$et 8/6 
16 Control Control Bean Set 8/5 
17 Light 25% 10 day* after 8/14 
18 Medium 50% 10 days after 8/14 
19 Heavy 75% 10 days after 8/14 
£0 Control Control 10 days after 
51 
BEAU EXPERIMENT (1955) 
Seed Variety? 
Boston Marrow (Perry Strain) bean seeds were planted 
in 1955. 
Cultural Practices: 
On June 4, 1955, bean seeds were planted by hand 2" 
between seeds and 36* between rows. Normal fertilizer and 
cultivation practices were followed. Mechanical and hand 
damage treatments were randomized. A 15-foot row constituted 
a treatment, which was replicated four times. The outline 
of the experiment is shown on Table 5. The field lay-out 
is shown in Figure 4. 
Mechanical Damages 
The type, method and rate of damage were similar to 
the mechanical damage applied to potatoes. 
Hand Damage: 
The type, method and rate of damage were similar to 
the hand damage applied to potatoes except that fruits were 
removed. 
EXPERIMENTAL RESULTS (1951) POTATOES 
The results of treatment are presented in tabular 
fora, showing yield records plus the calculated yield per 
plant and the theoretical yield per acre. 
It is interesting to note the rapid recovery plants 
made following treatment. In one test with the hail 
machine, 80 lbs. of crocked ice were literally poured on 
7 plants* At the time of treatment they appeared badly- 
lacerated, and fear was expressed by visitors that death 
might follow, but on closer observation the tissues on 
the unblasted sides of the branches were still intact, 
and were able to transport enough food to sustain the 
plant. Final yield records for these plants gave & yield 
of tubers similar to the control rows. It was also of 
interest to note that, long before maturity, as many as 
65 tubers were seen to be developing on a plant, and yet 
at maturity the plant had only 7-8 02. tubers, which 
would be a good yield at harvest* The disappearance of 
the other tubers seems to indicate that they have a role 
as alternates in the event that damage would wipe out 
those destined to b© of a si&@ suitable for harvest* 
In as much as the 1951 phase of the project was one 
of plant damage and machine developmental study, the 
results presented are not conclusive* The main objective 
in the first year was to investigate, in a rather broad 
manner, the effects of varying degrees of plant damage in 
relation to factors of growth and development* Therefore, 
a replicated design of the project was not attempted. 
Future years could then be devoted to a narrowed investiga¬ 
tion of the more promising aspects* The results are 
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EXPERIMENTAL RESULTS (1952 AND 1953) 
The investigations are divided into two phases— 
mechanical damage and hand damage. The results of each 
will he presented separately in the following sections, 
S'or brevity, the stages of growth will be referred 
to numerically in the presentation. The terms "time", 
’’time of damage”, "stage", and "stage of growth" are to 
be considered synonymous. Major emphasis on the results 
has been placed on weight and number yield, since these 
are the primary considerations for adjusting hail losses, 
A factorial design experiment was employed for the 
potatoes during both seasons, and for beans, in 1953, 
The data were analyzed by the use of an analysis of variance 
(4), Because the initial analysis was not very informative, 
a t-test was utilized to appropriately appraise the effects 
of time and degree of damage on yield. Results for 
weights were recorded in pounds, and are presented in this 
manner on the following tables. The records were also 
converted to bushels per acre where applicable, and are 
shown in the following figures, 
POTATO EXPERIMENT 
Mechanical damage was chiefly in the form of various 
degrees of defoliation, leaf shredding and removal, and 
bruising and removal of stems and branches. Band damage 
was entirely in the form of leaf and stem defoliation. 
39 - 
All treated plots were harvested manually during both 
seasons in the second week of September* All potatoes, 
regardless of size, (lw minimum) were picked and were 
separated into three groups: those over 3”, those between 
2" and 3", and those under 2** The latter group was 
designated as unmarketable. The other two groups were 
combined to form the marketable yields. The three groups 
combined were called total yield# Not every replication 
had tubers over 3”, and this group was not analyzed 
separately. Without particularizing, it can be said that 
the control plots had a greater number of large-size 
tubers than the treated plots. There was a greater 
number of large size tubers on the hand damaged plots 
than on the machine damaged plots, suggesting that the 
latter type of damage is more detrimental. The results 
s411 be presented in the following manner: the effect 
of degree and time of damage, for weight and number, on 
(1) total yield, (2) marketable yield, and (3) unmarket¬ 
able yield, 
POTATO EXPERIMENT (1952) 
Effect of Degree and Time of Mechanical Damage On Weight 
Yield-Total Yield: 
The analysis of variance showed a highly significant 
difference among rates and replication®, and no significant 
40 - 
difference among times of damage signifying that all plots 
did not respond to treatments in a similar manner. The 
difference among replications was due primarily to soil 
difference, hut this will he considered in more detail 
under the discussion of results. Considering mean rate 
weight separately, there were highly significant differences 
between the control and the damage treatments (heavy and 
medium) and between the light and heavy damage application. 
In analyzing rates at specific growth stages, there was 
no significant difference between the control and the rates 
applied at stages 1, 3, and 4. At stage 2, there was 
significant difference between the control and heavy damage, 
and at stage 5 there was a highly significant difference 
between the control and the damage (medium and heavy). 
The greatest reduction in total weight for the three rates 
of damage occurred at time 5. The results are presented 
in Table 7. The effect of treatment on yields in bushels 
per acre is shown in Figure 5. 
Marketable Yield; 
Statistically, highly significant differences were 
obtained among rates and replications on the marketable weight 
yields of mdcMne damaged potatoes. Stage of growth had no 
significant effect on yield. The rate means presented a 
hi^aly significant difference between the control and the 
damage (heavy and medium), and between the light damage and 
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times did not show a significant difference among treat¬ 
ments applied at stages 1, 5, and 4, There was a 
significant difference at stage 2 between the control and 
heavy damage. At stage 5, there was a highly significant 
difference between the control and heavy damage, and a 
significant difference between light damage and the medium 
and heavy damage. Medium damage had the greatest adverse 
effect on yield when applied at the time 5; heavy damaged 
plots had the lowest yields from damages received at 
stage 2 and 5* The most critical period, talcing into 
account the three rates of damage, was stage 5, four weeks 
after bloom. The results appear in Table 8. 
Unmarketable Yield: 
The analysis of variance showed no significant 
difference among any treatments, replications or stages of 
growth. Observing the mean rate weight yields shoves that 
there is greeter, but not significant, number of small 
tubers for all rates over the control* Medium damaged 
plots had the highest weight and percentage of small tubers. 
The results are shown in Table 9. 
Effect of Degree and Time of Mechanical Damage on Number 
Yield - Total Yield: 
The analysis of variance showed a significant 
difference among rates on total yield number, and no 
significant effect caused by time of damage or replications. 
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significant difference between light and heavy damage, 
and a significant difference between the control and 
heavy damage. Light damage treatments had a slightly 
higher number of tubers than the control plots, Kxamina- 
tion of the different rates at specific times revealed 
a higlily significant difference between the control and 
heavy damage at times 1 and 3, Once again the light 
damaged treatments had a greater number of tubers than 
their respective controls. Damage applied at stages 2 
and 4 had no significant effect on the total number of 
tubers. At stage 5, there was a significant difference 
between the control and the damage (medium and heavy 
applications. The mean total number yields appear in 
Table 10, 
Marketable Yield: 
The results showed a highly significant difference 
among rates end replications, but no significant difference 
concerning time of damage. Surveying mean rates separately, 
the results show a higily significant difference between 
the control and the medium and heavy damage, and between 
the light and the medium and heavy damage. There wasnft 
any difference between the control and light damage, or 
between medium and heavy damage* At time 1, there was a 
highly significant difference between the light and heavy 
damage. At stage ?, there a highly significant difference 
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significant difference among rates at stage 4, and a 
highly significant difference between the control and the 
medium and heavy damage at stage 5* The greatest reduction 
in yield for the three rates of damage was at stages 2 
and 5, Results are shown in Table 11* 
Unmarketable Yield: 
There were no significant differences among rates 
or stages of growth on the yield of small tubers, but 
there was a highly significant difference among replica¬ 
tions* There was a greater number of small tubers for 
all rates of the damage over the control. The greatest 
number of tubers was produced on plants receiving medium 
damage* The difference was significant. The comparative 
yield number of small tubers is shown in Table 12, 
Effect of Degree and Time of Hand Damage on Weight Yield - 
Total Yield; 
The analysis of variance did not show any significant 
difference among rates, or time of damage, but there was 
a highly significant difference among replications. The 
lack of statistical significance should not detract from 
the observed trends, namely that yields were lowered as 
the degree of damage was increased. The results are 
presented in Table 1$, 
Marketable Yield? 
The results were analogous to those of total yield; 
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there was a highly significant difference between 
replications* Once again, the same general trend was 
present as for total yields, showing that an increase 
in the rat© of damage resulted in a decrease in market** 
able yield* The results are obtained in Table 14* 
Unmarketable Yield: 
There were no significant differences among rates 
or times of damage on the unmarketable yield of tubers, 
but there was a highly significant difference among 
replications. The trend is reversed in this instance 
in that, vdth an increase in damage, there is a 
corresponding increase generally in the weight yield of 
unmarketable tubers* The results are presented in 
Table 15. 
Effect of Degree and Time of Hand Damage on Number Yield - 
Total Yield? 
There were no significant differences among rates 
of damage, stages of growth, or replications on total 
number yield, The results are presented in Table 16. 
Marketable Yields 
There were no significant differences among rates 
or time of damage, but there was a highly significant 
difference among replications* The results are outlined 
in Table 17. 
Unmarketable Yield* 
The analysis of variance showed a highly significant 
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57 
and almost a difference approaching significance among 
rates of damage* teamining time mean number separately, 
there was a highly significant difference at stage £ and 
stages 1 and 4. There was also a significant difference 
between stage 2 and stages 3 and 5* Analysing the same 
rate of damage at different growth stages the results 
show that there was a significant difference between the 
control at stage 2 and stages 4 and 5. light damage was 
not significantly different when applied at different 
times. Medium damage yields showed a highly significant 
difference between stage Z and stages 1, 3, and 4* There 
was also a significant difference between stage 5 and 
stages 1 and 4 for medium damage* Heavy damage treatments 
resulted in a highly significant difference between stages 1 
and 3* In most cases, for the last three stages of damage, 
an increase in damage resulted in an increase in the 
number of small tubers* Results are found in Table 18* 
TOMATO EXPERIMENT 1952 
The results of the tomato experiment were not 
analyzed statistically. Not all treatments were given at 
each stage of growth, which would make it rather difficult 
to analyze* The weight yields will be discussed separately 
for the machine and hand damaged plots. The weight yields 
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Effect of Tim© and Decree of Mechanical Pomade on Weight 
Yield: 
Examining the degrees of damage for each growth atage, 
It can b© said that yields were reduced in all cases of 
the control# Light damage was similar in its effects at 
three weeks after setting as five weeks after setting on 
marketable yield, hut there was a greater weight of hailed 
fruits. Th© same results are noted for heavy damage at 
this time# The damage applied eight weeks after setting 
out was disastrous on yield as would he expected, not 
only was there a high yield of hailed tomatoes, but in 
most instances many parts of the plant were dismembered, 
or totally deoapacitated from producing fruits# The 
results are shown in Table 19* 
Effect of Tim© and Degree of Hand Damage On Weight Yield: 
The three rates of damage applied at both growth 
stages resulted in lowering the yields of tomatoes as 
compared to the control# As damage was delayed, there was 
a decrease in yield of tomatoes proportionately with the 
increase in damage. Heavy damage at five weeks after 
setting was similar to light damage at eight weeks after 
setting* The results are presented in Table 20# 
POTATO EXPERIMENT (1953) 
Effect of Degree and Time of Mechanical Damage on Weight 
Yield - Total Yield: 
The analysis of variance showed a highly significant 
60 
Table 19, Effect of Different Degrees of Machine Damage 
At Three Different Growth Stages On Total and 
Hailed Weight? Yield of Tomatoes in 1952.** 
Treatment Number 







1. Three Weeks After 
Planting Light 120*3 1.4 
2. Three Weeks After 
Planting Heavy 75*8 .31 
3. Three Weeks After 
Planting Control 137*1 
~ . -o'. > . 
W* 
4* Five Weeks After 
Planting Light 125.2 9.7 
5* Fire Weeks After 
Planting Medium 81.4 9.2 
6# live Weeks After 
Planting Heavy 79.2 8.X 
7. Fire Weeks After 
Planting Control 141.0 - 
-v.'.' v:- ■ 
8# Eight Weeks After 
Planting Light 41*7 23*5 
9. Eight Weeks After 
Planting Heavy 23*2 26.8 
10* Eight Weeks After 
Planting Control 252.3 «*» 
* Expressed in pounds* 
**Five plants per treatment replicated four times. 
Table 20 
* 61 - 
• Effect of Three Different Degrees of 
Hand Damage At Two Different Growth 
Stages On the Total Weight Yield* of 
Tomatoes** in 1952. 
Treatment Number 





4* Five Weeks After 
Planting 
Light 115.0 
5* Five Weeks After 
Planting 
Medium 100.4 
6. Five Weeks After 
Planting 
Heavy 70.0 
7. Five Weeks After 
Planting 
Control 131.3 
8. Eight Weeks After 
Planting 
Light 76.2 
9. Eight Weeks After 
Planting 
Medium 52.9 
10. Eight Weeks After 
Planting 
Heavy 35*3 
11. Eight Weeks After 
Planting . , v 
Control I64.I 
♦Expressed in pounds. ♦♦Five plants per treatment replicated four times. 
difference among rates and rcplleetioa#, mi an extremely 
highly significant difference as far as time of damage 
was concerned. The highly significant difference as? far 
a® time of damage was concerned* The highly significant 
difference suggests a differential response to treat¬ 
ments at different stages of growth. This was clearly 
observed in the data* Significant differences among 
replications were due to soil difference and possibly 
to an Infection of * early dying* (Vertlotllua* albo-atrua) * 
Studying mean rates separately showed a highly significant 
difference between the control and the three r&tes of 
damage. There was a significant difference between 
light and heavy damage, and almost & significant difference 
between light and medium damage* Analysing time scan 
weights by themselves showed th&t there was a highly 
significant difference between stage 1, and stages 2, 3, 
and 5. There was also a highly significant difference 
between stage 4 and stage® E, 3, and 5. training rate 
differences at specific growth stages, the results did 
not show any significant differences on yield among 
my rates of damage at stages 1 end 4. At stage £, there 
was a highly significant difference between the control 
and the damage (heavy and medium), end e significant 
difference between the light and the medium and heavy 
damage. There wee a highly significant difference between 
the control and the three degrees of damage at stage 3, 
63 - 
and a significant difference between the light and 
heavy damage. At stage 5, there was a highly significant 
difference between the control and heavy damage, a 
significant difference between the control and medium 
damage, and almost a significant difference between 
the control and light damage. The greatest decrease in 
yield, considering all degrees of damage, was caused by 
damage applied at stages 3 and 5. Heavy damage at time 
3 reduced the total yield by almost 50 percent, and at 
time 5, approximately 40 percent. Light damage had the 
least effect at time 3, medium and heavy damage at time 
4. The comparative yield results are shown in Table 31. 
The effect of treatment in yields in bushels per acre 
for machine and hail damage treatments Is shown in 
Figure 6. 
Marketable Yield* 
The analysis of variance showed a highly significant 
difference among rates, replications, and very high 
significant differences in relation to time of damage. 
Examining mean rate weight yields separately showed that 
there were highly significant differences between the 
control and the medium and heavy damage, and also between 
light and heavy damage* There was a significant difference 
between the control and light damage, and almost a 
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Time mean weights showed highly significant differences 
between stag© 2 and stages 1, 4, and 5, and between 
stage 5 and stages 1, 4, and 6. There were significant 
differences between stage 5 and stages 1 and 4, and 
also between stages 2 and 3* Analyzing the different 
rates of damage at specific times, the results showed 
that there was not any significant difference between 
the different rates of yield effect at times 1 and 4. 
At stage 2, there was a significant difference between 
light and heavy damage, and a slightly significant 
difference between the control end the light and heavy 
damage. At stage 3, there was a highly significant 
difference between the control and the three rates of 
damage, and a significant difference between the light 
and heavy damage. At stage 5, there was a highly 
significant difference bet ween the control and heavy 
damage, a significant difference between th© control and 
medium damage treatment, and a slightly significant 
difference betv/een the control and light damage* The 
greatest yield reductions for the three rates of damage 
was at times 3 and 5, The least reduction in yields 
for the three rates of damage was at times 1 and 4* 
Light damage at stage 2 produced an insignificantly 
higher yield of tubers than the control, Examination of 
specific rates of damage at different times of damage 
revealed that there was a highly significant difference 
* 68 ~ 
between the control at at age 3, end the controls e.s 
stages 1, 4, and 5, and also between the control at stage 
£ and stages 1, 4, and 5. A significant difference was 
also noted between the control at stags 5 and stages 1 and 
4. Light damage treatments showed a highly significant 
difference between stage & end all other growth stages, 
except for stage 3 for which there was a significant 
difference* At this degree of damage, there was also a 
highly significant difference between stage 3 and stages 
1, 4, and 5. Medium damage treatments produced highly 
significant differences between stage £ and stages 1, 4, 
and 5, and also significant differences between stage 5, 
and stages 1 end 4. Analysis of heavy damage treatments 
showed that here was a highly significant difference 
damage applied at stage 2, and stages 1, 4, and 6, There 
was also e sijp&ificant difference between stage 1 and 
stage 3* The results ar© presented in Table ££. 
Unmarketable Yield? 
The analysis of variance showed a highly significant 
difference among stages of growth, but no significant 
difference among rates or replications. Scrutinization 
of time mean weights reveals that there was a highly 
significant difference between stage 5, and stages 1, 2, 
and 4, and also between stages £ and 3. In general, the 
three degrees of damage applied at stages 1 and 4 did not 
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while, at stages 2 and 3, the same rates of damage 
produced a lesser number of tubers, and at stage 5, the 
three rates of damage produced a greater yield of small 
tubers. The results are presented in Table 23* 
Effect of Degree and Time of Mechanical Damage on Number 
Yield - Total Yield* 
There was a highly significant difference among 
rates and stages of growth in the total number yield* 
There was a significant interaction of rate x time, and 
no significant differences among replications. Considering 
mean rates of damage separately, the results indicated a 
highly significant difference between the control and 
the medium and heavy damage, and a significant difference 
between the control and light damage, and between the light 
"* • ’ - . ’ ■ ' f‘- V”' •’ s.i *.yi • ■ A‘!;» ’ * ’•> • '• 1 *. ! 6 i •*.-. > • . .* ' / . ' . • 
and heavy damage. Considering time mean weights alone, 
there were highly significant differences between stage 3 
and stages 1 and 4$ between stage 5 and stages 1 and 4, 
and finally between stage 2 and stages 1 and 4* Examination 
of the different rates at specific times revealed that 
there was a. significant difference between the control 
and heavy damage at stage 1, and almost a highly significant 
difference between the. control and the medium and heavy 
damage at stage 2. At stage 3, there was a highly signifi¬ 
cant difference among the control and the three rates 
of damage. There was no significant difference among 
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»lgni£leant difference between the control m& hmry 
damage, end between. light and. heavy damage at stage 5* 
Investigation of the earn* rat© of damage at different 
growth at*g*« showed that there ws a highly significant 
dlffareiioe between stag* 3 end stages 1 and 4 for light 
damage* Alo©, there highly significant differences 
between stage 5 end stages 1 end 4, and between ©tag* B 
and stage* 1 end 4-. For medium demege, there was a 
significant difference between stag® I and stage 5* 
Heavy damage analysis reveals a highly significant 
difference between stag® 1 and stages 2 and &, and a 
significant difference between stage 1 and 5* the results 
are presented in Table 24. 
Marc®table Yield: 
The results showed a highly significant difference 
among r-.fcon, time of damnge, replioatlona &nd interaction 
of rate x time# This latter significant difference indicates 
a dissimilar response to degree of dmmge at different 
tla$a« Examination of mean rates separately, disclosed a 
highly significant difference between the control and heavy 
damage, md a significant difference between the control 
and medium damage. Time means exhibited highly significant 
diff*r cnees betn-eea eteg* 2 and stages I, 4, &od 5, between 
stage 5 end stages 1, 4, and 5, and between stage 3 and 
the stages 1 find 4. termination of specific times with 
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differ©nee between the control and heavy damage at time 1; 
at time Bt a significant difference between control and 
medium damage, and between light and medium damage and 
also a highly significant difference between the control 
and the heavy damage, and between light and heavy damage; 
at stage 3, there was ‘a highly significant difference 
between the control and all rates, and between light and 
the medium and heavy damage* There was no'difference 
between rates at time 4* At time 5, there was a significant 
difference between the control and the medium and heavy 
damage. Considering the same rate of damage at different 
growth stages, there was for the control a highly significant 
difference between stage 3 end stages 1, 4, and 5, between 
stage 2 and stages 1 and 4 and also between stages 5 and 
stages 1 and 4* For light damage,, there were highly 
significant differences between stage 2 and stages 1, 4, 
and 5, between stage 3 and stages 1 and 4, also a significant 
difference between stage 3 and stage 5, and between stages 
4 and 5. Medium damage showed highly significant differences 
between stage 2 and stage 1 and a significant difference 
between stage 2 and stages 4 and 5, Analysis of heavy 
damage showed a highly significant difference between 
stage 2 and all other stages, and a significant difference 
between stage 1 and stage 3* The results are presented in 
Table 25, 
Unmarketable Yield; 
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difference among stages of growth end no significant 
difference among rates or replications. Considering time 
of damage separately, there were highly significant 
differences between stage 5 and stages 1, 2, and 4, and 
also between stage 3 and stages 1 and 2. There was also 
a significant difference between stage 3 and stage 4. 
Examining the same degree of damage, there was a significant 
difference between the controls of stage 3 and stages 1 
and 4. For light damage, there vms a highly significant 
difference stage 5 and all other stages. For medium 
damage, there was a significant difference between stage 5 
and stage 1, and a highly significant difference between 
stage 5 and stage 2* Heavy damage plots showed a highly 
significant difference between stage 3 and stages 1 and 2, 
and a slightly significant difference between stage 5 and 
stages 1 and 8. The least number of small tubers for the 
three degrees of damage as compared to the control was at 
stage 8, The greatest number of small tubers for all 
degrees of damage was at stage 5, The results are presented 
in Table 26, 
Effect of Time and Degree of Hand Damage on Weight Yield 
Total Yields 
The analysis of variance showed a highly significant 
difference among rates, a very highly significant difference 
among stages of growth, and no significant difference among 
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significant difference between control and the damage 
(medium and heavy), and a significant difference between 
the control and light damage, and between light and 
heavy damage. Considering time alone, there was a highly 
significant difference between stage 5 and stages 1, % 
and 4, and a significant difference between stage 5 and 
stage 5* There was a highly significant difference 
between stage 5, and stages 1 and 4, and also between 
stage £ and stages 1 and 4, and between stage 1 and 4. 
Considering rates at differmt stages of growth, there 
was a significant difference between the control and 
heavy damage at stage 1. There were no significant 
differences among any rates at stages 2, 4, and 5. At 
stags 3, there was a significant difference between the 
control and light damage, and a highly significant 
difference between the control and the medium and heavy 
damage. The greatest reduction in yield, considering all 
degrees of damage was at stage 1* Considering the same 
rate of damage at different times, there was for the control 
a highly significant difference between stage 3 and all 
other stages, and between stage 5 and stage 1. There was 
also a significant difference between stag© 1 and £. 
Considering light damage, there were highly significant 
differences between stage 1 and stages 2, 3, and 5, and 
between stage 4 and stages S, 3, and 5* ~ Examining medium 
damage, there was a highly significant difference between 
79 
stage 1 and stages 2, 3, and 5t and a significant 
difference between stage 3 and 4* Considering heavy 
damage, there was a highly significant difference between 
stage 1 and all other stages. The results are shown In 
Table 27. 
Marketable Yield! 
The analysis of variance showed a highly significant 
difference among rate and time of damage, and no significant 
difference among replications. Considering rates of damage 
separately, there was a significant difference between 
the control and the damage (light and medium) and a highly 
significant difference between the control and heavy 
damage, there was also a significant difference between 
light damage and heavy damage. Considering time of damage 
alone, there was a highly significant difference between 
stage 1 and all the other stages, and between stage 4 and 
all olh er stages. There was also a significant difference 
between stage 3 and stages 2 and 5. Considering rates at 
different times, there was a significant difference between 
the control and heavy damage at stage 1. There were no 
significant differences between the different rates and 
the control at stages 2, 4, and 5. At stage 3, there was 
a significant difference between the control and the light 
damage, and a highly significant difference between the 
control and the medium and heavy damage. There was almost 
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There was almost a significant difference between light 
and heavy damage. .Analyzing the similar rates of damage 
at different times there was a highly significant difference 
between the control at stage 3 and all the other stages* 
There was also a significant difference between stage 1 
and stages 2 and 5. Considering light damage, there were 
highly significant differences between stage 1 and stages 
2, 5, and 5} also between stag© 4, and stages 2, 3, and 5. 
Considering medium damage, there was a highly significant 
difference between stage 1 and stages 2, 3, and 5. 
Considering heavy damage, there was a highly significant 
difference between stage 1 and all other stages* Th© 
results are presented in Table 28. 
Unmarketable Yield: 
There was no significant difference between rates of 
damage on the unmarketable yield* There was a highly 
significant difference in relation to time of damage and 
the interaction of rate x time. Considering the time mean 
weights alone, there was a highly significant difference 
between stage 1, and stages 3 and 5. Considering all rates 
of damage at specific stages of growth, the least number 
of small tubers was produced at stage lj the greatest 
number, at stage 3. The results are shown in Table 29. 
gffect of Time and Degree of Hand Damage on Number Yield 
Total Yield: 
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eaaong rates, no significant difference among replications 
and a highly significant difference among times of damage* 
Considering rate mean totals separately, there was a 
significant difference between control and medium damage, 
and a highly significant difference between the control 
and heavy damage. Considering time means alone, there 
was a highly significant difference between stage 1 and 
all other times* There was also a highly significant 
difference between stage 3 and stages £ and 4, and a 
significant difference between stages 3 and 5* Considering 
rates of damage at specific times, there was a highly 
significant difference between the control and the damage 
(medium and heavy), and a highly significant difference 
betvfeen light and heavy damage at stage 1. There was 
no significant difference among rates of damages at 
stages 2, 3, and 5* At stage 4, there was a significant 
difference between the control and light damage, and 
between light and heavy damage* The greatest reduction 
in yield for light damage application was at stage 4; 
for medium and heavy damage at stage 1* The results are 
presented in Table 30* 
Marketable Yield: 
The analysis of variance showed a highly significant 
difference among rates of damage, and among times of damage* 
Considering mean rates of damage separately, there was a 
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~ 86 ~ 
and a highly significant difference between the control 
and heavy damage, and between light and heavy damage. 
Considering time mean yields alone, there was a highly 
significant difference between stage 3 and stages 1, £, 
and 4. There was also a highly significant difference 
between stage 5 and stages 1, 2, and 4, and also a highly 
significant difference between stage 1 and stage 2. 
Analyzing each rate at different times, there was a 
highly significant difference between the control and 
heavy damage, and a significant difference, between light 
and heavy damage at stage 1. There was no difference 
among any rates at stage 2. At stage 3, there was a 
'J. - ' V 4 
highly significant difference between the control and 
heavy damage, and a significant difference between the 
control and the damage {light and medium). At stage 
4, there was a signifleant difference between the control 
and light damage, and at stage 5, there was a significant 
difference between the control and heavy damage, light 
damage reduced yields of tubers most at stages 1 and 4$ 
medium damage, at stage 2; and heavy damage, at stage 1. 
Least damage for the three degrees of damage was at 
stages 2, 3, and 5. The results are presented in Table 31. 
Unmarketable Yields? 
The analysis of variance showed a highly significant 
difference between times of damage and interaction of 
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damage* Considering time mean weights alone, there was 
a significant difference between stage S and stage 4, and 
a highly significant difference between stage 5 and 
stages X and £♦ There was also a highly significant 
difference between stage 1 and stages 2, 4, and 5* 
Considering the different rates at each time, there was a 
highly significant difference bet ween the control and 
heavy damage at stage 1* At stag© 2, there was no 
difference between any two rates* At stage 3, there was 
a significant difference between the control and the three 
rates of damage* At stage 4, there was a highly significant 
difference between the light and heavy damage* At stag© 
5, there was a highly significant difference between medium 
and heavy damage* It should be noted here that, for 
stage 1, the significant difference showed a decreased 
yield of unmarketable tubers, *hile at stages 3, 4, and 5, 
the significant differences showed with the intensity of 
damage, a corresponding increase in the number of small 
tubers* The results are shown in T^tola 32* 
BUM EXP ERIE EKT (1953) 
Mechanical and hand damage plots were subjected to 
four degrees of damage at five stages of growth* Twenty 
plants from each replication were selected at random and 
records were taken of the number of pods per plant and 
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ati the time of harvest of the number of pods per plant. 
The plants from each replication were then placed in onion 
crates to dry. Two weeks later, the pods were removed 
from the plant. Then the pods were shelled, and records 
were taken of seed weight yield. Results were recorded 
in pounds per replication, grouped, and then analyzed on 
a basis of mean plots of 15 feet in weight as shown in 
the following tables* Records were also converted to 
bushels per acre as shown in the following figures. 
Effect of Time and Degree of Mechanical Damage on Yield 
Seed Yieldi 
The analysis of variance showed a very highly 
significant difference among rates of damage and stages 
of growth. The interaction of rate x time was also of 
a highly significant degree, indicating the fact that the 
effects of the different rates were not the same at the 
different growth stages. Analyzing mean rates separately, 
there were significant differences between the control 
and the three rates of damage, and between light and heavy 
damage. Considering mean times alone, there was a highly 
significant difference between stage 1 and stages 5, 4, 
and 5, and also a significant difference between stage 1 
and stage 2, There was a highly significant difference 
between stage 2 and stages 3 and 4, and a significant 
difference between stage 2 and stage 5, There was also 
a highly significant difference between stage 5 and 
- 91 - 
stages 3 and 4> and a significant difference between 
stage 3 and 4- Considering rates at specific times, 
■ • V 
there was a significant difference between the control and 
medium damage, and a highly significant difference between 
the control and heavy damage at stage 1, and also a highly 
significant difference between light and the medium and 
heavy damage, and a significant difference between medium 
and heavy damage* At stage 2, there were highly signifi¬ 
cant differences between the control and the three rates 
of damage, and between light and heavy damage* At stages 
3 and 4, there were highly significant differences between 
the control and all rates of damage, and, at stage 4# 
there was a significant difference between light and heavy 
damage. At stage there were highly significant 
differences between the control and heavy damage, between 
light and heavy damage, and between medium and heavy damage. 
Analyzing the different times for the same rate of damage, 
there was a highly significant difference between the 
control at stage 1 and stages 3, 4> and 5, and between 
control at stage 2 and stages 3, 4* and 5* For light 
damage, there was a highly significant difference between 
stage 3 and stages 1, 2, and 5# and also between stage 4 
and stages 1, 2, and 5* The same results were found for 
medium and heavy damage as for light damage, and in 
addition, for heavy damage, there was a significant 
difference between stage 3 and 4* The greatest amount of 
9E *■ 
damage for the three was at stages 3 ana 4* The results 
are shown in Table 33* The effect of treatment on yields 
in bushels per acre for machine and hand damaged plots 
is shown in Figure 7. Tne effect of time of damage for 
machine and hail damaged treatments on yields in bushels 
per acre is shown in i’igure 8* 
Bean Number Yield; 
The analysis of variance showed a highly significant 
difference between rates of damage and stages of growth* 
Considering rates of damage alons, there were significant 
differences between control and light damage, and between 
medium and heavy damage* There war© highly significant 
differences between the control and the medium and heavy 
damage, and between light and heavy damage* Considering 
time mean number separately, there were highly significant 
differences between stage 3 and the stages 1, E, and 5 and 
also between stage 4 and stages 1, £, and 5* There was 
also a significant difference between stage £ and stages 1 
and 5* Considering rates at specific times, there were 
highly significant differences between the control and 
the medium and heavy damage, and between the light and 
heavy damage at stage 1* There was also a significant 
difference between light and heavy damage* At stage £, 
there was a significant difference between the control and 
medium damage* At stage 3,.there was a significant 
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At stag© 4, there were significant differences between 
the control and heavy damage, between light and heavy 
damage, and between medium and heavy damage. At stage 
5, there was no significant difference among any rates. 
The least number of beans produced, considering ail rates, 
was at stage 3. Heavy damage reduced the number of 
beans most at stage 4* There was no significant differene 
between the rates of damage at stages 3 and 4, and also 
between stages 1 and 5. The results are presented in 
Table 34. 
Effect of Time and Degree of Hand Damage on Yield - Seed 
Yield* 
The analysis of variance showed a very highly 
significant difference, especially among rates and also 
among stages of growth, and the interaction of rate x 
time* Analyzing rates of damage separately, there were 
highly significant differences between the control and 
the three rates, and between each successive rate of 
damage. Considering time of damage alone, there was a 
highly significant difference between stage 5 and stages 1 
and 2, and a significant difference between stages 4 and 5 
There was a significant difference between stage 2 and 
stag© 3, and a highly significant difference between 
stage 1 and 3. Examining the different rates of damage 
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among any rates at stage X* At stage 2, there was a 
highly significant difference between the Control and 
the medium and heavy damage. At stage S there were 
hi$ily significant differences between the control and 
the three rates of damage, and between the light and the \ 
medium and heavy damage, and also a signifleant difference 
between medium and heavy damage. At stages 4 and 5, 
there were highly significant differences between the 
control and the three rates of damage, and between light 
and heavy damage, and also a significant difference 
between medium and heavy damage at stage 4. The least 
amount of damage considering all rates was at time 1. 
The greatest reduction in yield considering all rates 
was at stage 5. Analyzing the same degree of damage 
at different stages, there wa3 a highly significant 
difference betwem the control at stage 4 and all other 
stages. For light damage, there was a highly significant 
difference between stage 5 and stages 1, 2, and 3, and 
a significant difference between stage 5 and 4. For 
medium damage, there was a highly significant difference 
between stage 1 and stages 3, 4, and 5, and a significant 
difference between stage 1 and 2. There was also for 
medium damage, a highly significant difference between 
stage 2 and stages 3 and 5, and a significant difference 
between stage 2 and stage 4. For heavy damage, there were 
highly significant differences between stage 1 and stages 
99 
3, 4, and 5, and also between stage 2 and stages 3,4, 
and 5* The results are presented in Table 35* 
Bean Number Yield; 
The analyst s of variance showed a highly significant 
difference among rates, time of damage, and interaction 
of rate x time. In examining the mean rates separately, 
there was a highly significant difference between the 
control and the three rates of damage, and significant 
difference between heavy and the light and medium damage* 
Analyzing mean time weights alone, there was & highly 
significant difference between stage 5 and stages 1, 2, 
and 4, and a significant difference between stag© 3 and 
stag© 2, and a highly significant difference between 
stage 5 and stage X* Considering different rates of 
damage at specific times, there was no significant 
difference among any of the rates at stage 1* At stag© 2, 
there was a significant difference between the control 
and light damage, and there were highly significant 
differences between the control and heavy damage, and 
between light and medium damage* At stage 3, there were 
highly significant differences between the control and 
the three rates of damage, and between light and the medium 
and heavy deimage. At stag© 4, there were highly significant 
differences between the control and the three rates of 
damage* At state 5, there were highly significant 




































































































4L © e*c! 
g *h 
«H © 
d» O ® 
«j£ © © 
•H S BQ 
’M4 00 so O o> 
<0 \o w r-i fcQ 
• 0 • • . • 
rH rH fH rH fH 
u © 
+3 
B • o» CM CVS © tN 
O +3 # to • • • 0 
d pH • © rH to £N 
s&o a rH to H4 H4 tO 
<D 
>> nc 
> «T Oi CM -0 CM so 
© g « 10 to c-“ Cft CS O 
© CO 43 • • 0 0 0 
n? Q 5c H r-4 0 O O rH 
H CO 0* W to CM 
B * 0 * • • « ♦ 
O 43 to o SM O to 




•H CO CM r-» 03 to to to 
'cf S * D- "ST Oi H Ok CM 
© S 43 • # * * * « 
s« 3* rH rH 0 H O rH 
B ♦ CO fiO © (SO © 
0 43 • * • • • * 
a I> © © © <0 
o> © t> JO SO O 
©, 
4a esc 
43 td to rH E> CM CO rH 
*30 g • SO to H4 to rH H4 
•h a £ * • • • • 0 
p?« pH H iH rH iH rH 
B * 
0 43 O O 0 O O O 
a O O 0 O O O 




43 £> to £ to to 
£ K • sO © CM to © 
0 M3 * <1 • * 0 * 
0 1 Bfc H rH rH CM rH rH 





© O •H •H 
© © O 43 © 
m a H © © -£ tl 0 
© 43 © © © 43 
43 © © W 0 
co H d « 3 0 O 
* H © <D 0 «H 
CM P © O a d H SO H £ © rH Pi Pi 
© K 0 
43 M K ♦ . • • » a # 
*H CM 10 to PS * * 
so 0 
2 a tS *H 
d -p 
1:5, o u A H 
o 
d B 
© rH O c 
a • 
0 O O CM 0 
0 © IS 
•H to © rH H 
b 0 • 0 0 
•p « 
•H * © iO 
0 b • 
0 «0 sD X# CO ID to rH CM 
rH CM CM rH rH © . « 0 • 
0 
d? 43 
0 • ® © 
43 




P jd 43 43 
43 43 
0 0 0 0 
03 © © 
d d d d 
s © © © © © © 
g g g g 
© © 0 © 
43 g p g 0 «H © •HI 
u P* d p 
$ s 8 g 
43 43 •P 43 
d d d a © 0 03 0 
d 0 © © 0 
© ► £ £ 
to 43 43 43 p 
♦H 0 0 0 0 
K Xi X3 x> 
0 
p« 0 0 © © 
0 © © 0 
0 d d d d 
0 0 0 0 © 
d d d d 
43 © © © © 
d <H <n d* 
© Ch u <P 
& *r-f *p 
& a « p Pt 
0 
d 0 • 0 0 
B rH CM CO H4 
- 101 
damage, and between light and heavy damage* Considering 
each rate of damage at the different stages of growth, 
there was for the control a highly significant difference 
between stage 4 and all other stages, for light damage, 
there were highly significant differences between stag© 1 
and stages 4 and 5, between stage 2 and stage 5, and 
significant differences between stag© 1 and stage 3, and 
between stage 2 and stages 3 and 4* Analyzing medium 
damage, there were highly significant differences between 
stage 1 and stages 3, 4, and 5, and between stages 8 
and stages 3, 4, and 5* There was also a significant 
difference between stage 1 and stage 8* Examining heavy 
damage, there were hi$ily significant differences between 
stage 1 and all other stages, and between stage 2 and 
stages 3 and 5* There was also a significant difference 
between stage 2 and stage 4* The largest reduction in 
yield for all rates of damage was at stage 5. The least 
reduction in yield was at stage 1* The results are 
presented In Table 36* 
DISCUSSION OF RESULTS 
The data presented show that the amount of damage, 
and th® time of damage application greatly influence the 
yields in weight and number of the crops studied* The 
application of damage, {machine and hand) had different 
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same time, and at similar rates at different times* 
There were different effects on the different crops 
studied. The results for potatoes, tomatoes, and beans, 
as influenced by machine and hand damage, will be discussed 
separately, end in that order. 
A® previously stated in the presentation of the 
1951 potato experimental results, the project was one of 
developmental study of methods. The damage was primarily 
"hand made* in nature, similar to type® used by other 
workers (1, 14, £9), studying effects of defoliation on 
crop maturity and yields. They referred to their damages 
as *simulated hall damage". The newly developed machine 
was employed for a comparison. The hail machine in 1951 
did not have any controlled feeding apparatus. As fast 
as the ice was poured into the funnel on top of the 
machine, the ice was blown out of the machine onto the 
plants* In the spring of 1953, a controlled feeding 
mechanism was added to the machine which eliminated this 
problem. There was then assured an even flow and 
distribution of ice onto the plants to be treated. It 
Is difficult to draw any conclusion from the results 
obtained in 1951. If one hand to be drawn, it would be 
that, since the results were so variable, some other method 
would have to be followed if any conclusive results were 
to be obtained* 
The following two year experiment on potatoes, and 
104 
the 1952 experiment on beans were organized as factorial 
experiments to Investigate a number of factors immediately,, 
Almost all workers who have conducted hall damage studies 
on various crops believed that there was a ^critical period* 
in the life of the plant, at which time It would suffer 
most from a hall storm of the same intensity. 
From the analysis conducted on the results, it is 
possible to study and analyze all the possible combinations 
that can be formed from the different factors involved* 
Inasmuch a® there are numerous factors interacting in a 
puzzling manner, a prolonged study of the results, and 
further experimentation are needed before all the results 
can be conclusive, it should be clearly understood that 
the trouble la not that the experimentation is faulty, 
but rather that the phenomena are very complex. An attempt 
will be mad® to explain wherever possible, some of the 
factors that are Involved, and how they affected the final 
results. 
The 19 5£ potato experiment showed that replications 
4, B, and 0 had significantly higher weight and number yields 
than replications I) and I. A shallow, hollow spot in the 
field passed through the latter two replications, where 
water stagnated after rains, resulting in a puddled condi¬ 
tion, which reduced soil aeration and consequently caused 
poor yields. Another factor which undoubtedly had an 
adverse affect on the yield of tubers in the whole field - 
- 105 
was the excess packing of the soli caused by the tractor 
and potato sprayer and hall machine passing oyer th© 
rows* The field layout ip 195E was such that the hall 
machine was required to pees oyer many untreated rows 
at different stages of growth in order to reach the treat¬ 
ment rows* The weekly trips made by the tractor and 
potato sprayer through the experimental rows added to the 
packing of the soil* SnYlronsuratel conditions, especially 
high temperature and in 3uly normal rainfall for the 
growing season were other factor® which would hay© an 
affect on the growth and subsequent yields of tubers. 
With this as a background, the results of the experi¬ 
ments will be discussed. 
deductions in total yields on the machine treated 
plots in 1958 were caused by a reduction In the size of 
tubers, more than to a reduction in the number of tubers* 
Evan so there was a highly significant difference among 
rates of damage on both these yields* Light damage treat¬ 
ments did not hey© any significantly adverse effect on 
total weight and number yields. Considering mean rate 
yield® for the control and light damage treatment, there 
?/as a slightly higher number of tubers for the light 
damage treatments, and about a 4 percent reduction in 
weight yields oyer the control* Light damage treatments 
applied at stages 1 and 4 produced a higher total weight 
and number yield than the control plots* There was also 
1C6 - 
a higher number of tubers produced on the plots receiving 
light damage treatments at stag 3, but there ms a slightly 
lower total weight yield, 
These results strongly suggest that a hail storm of 
this intensity (light) has little if any adverse effect 
on th© yield of the crop, light machine damage reduced 
yields most, (but not significantly) when applied at 
stage 3* Medium damage had a highly significantly adverse 
effect on total yield only when damage was applied at 
stage 3, resulting in lower weight and number yields. 
Medium damage applications at stages 3 and 4 produced 
lower weight yields, but higher number yields than the 
control plots* Although these results were not significant 
they do reflect the trend that machine damage of this 
degree has a depressing affect on yield, and that the size 
of tubers is affected more than the number of total tubers* 
Heavy damage treatments applied at stages S and 5 showed 
a significantly lower weight yield of tubers, and a 
sign!ficantly lovser number of tubers at stage 3, The 
greatest reduction in yields {weight and number) for the 
three rates of damage was at stage 3* The three rates 
of injury at stages 1, Z9 and 4 did not show any significant* 
ly adverse effects on total yield, except stage 3 which 
showed a highly significant difference on the number of 
tubers produced. These results Indicate that machine 
damage Was little effect on total yields when damage occurs 
- 107 
at the time the plants are 3 to 1QW high, or two weeks 
after bloom. Machine damage at full bloom stage had 
a significant adverse effect on the total number of 
tubers, but no effect on weight yields. 
The results show that injury applied at stage 5, 
four weeks after bloom produced the lowest yields for 
the three rat@3 of damage. Thi.s poriod in 1952 was 
the most critical. This effect may be accounted for by 
a consideration of the physiology of the potato plant. 
At this time it is in the process of rapid tuber enlarge¬ 
ment and the removal or serious damage to the manufacturing 
area (leaves) and transportation system (stems) will 
result in a lower weight of tubers and u greater number 
of smaller tubers* One factor which must not be overlooked 
is that plants damaged at this time did not recover from 
their injury. It is difficult to explain why there was 
a significantly lower numb or of tubers at this time 
% 
since the assumption is that this is a period of tuber 
enlargement and not of new tuber formation. The low yield 
number of tubers obtained when plants were damaged at this 
time may be due to two factors. It might have been that 
there was a reabsorption of the smaller tubers. Clark (3) 
working with Rural New Yorker No. 2 variety of potatoes 
reported that, on counting the number of tubers at 
weekly intervals after tuber initiation, he found evidences 
that plants had reabsorbed many of the small tubers or 
xoa 
that the mall tubers had decomposed* On® other reason 
for the low total number yield of tubers, could be that 
the injury was so detrimental that they had just failed 
to develop to such m extant to b e large enough for 
counting* It could also have been m interaction of 
both these factors which were just discussed. < 
The least critical period, the time at which the 
three rates of damage had the least adverse affect on 
yield ms when treatment ms applied at stage 4, two wools* 
after bloom* {There ms on increase in yield for light 
damage over the control at this stage)» The reason for 
this may be explained physiologically in the following 
fashion* In Massachusetts, this is normally a very dry 
period, and this year m» no exception* (See summary of 
Weather Beta for August 1953}* It may well be that the 
potato plant with a normal compliment of leave© and 
stems suffers from a physiological drought* Tollage 
removal at this time reduce® the transpiring surface, and 
the water supply present is enough to keep the remaining 
leave® functioning for a longer period of the day. As a 
result of this condition, more food la manufactured in 
photosynthesis because of the opan etornatee* There is 
no change in the growth because the roots ere able to 
supply the reduced tops with sufficient water. The ua« 
damaged plants, however, have • longer period of growth 
109 
stoppage because of the larger transpiring surface that 
had to he cared for. There Is a low water supply, 
causing a slack of turgid!ty earlier in the day, causing 
the stomates of the leaves to close, and the lack of 
COg entrance results in the stoppage of the process of 
photosynthesis. On the other hand, a large removal of 
tissue results in & check of growth, and the remaining 
leaves have to supply food to replenish the vegetative 
portions before any further storage of food is undertaken. 
The results from the damaged plots at stage 4 show that 
even heavy injury did not seriously affect the yield, and 
that a highar yield of tubers was obtained than for the 
light damage applications. It should not be overlooked 
that the control plots at this time had the lowest yield 
of all the other controls, which would reduce the else 
of the differences that otherwise might have existed. 
The three rates of demag© had no significantly 
adverse effect on yields when applied at the first stage 
of growth* Medium and heavy damage did have an insignificant 
smaller total yield than the control, while light damage 
indicated an Insignificantly higher total yield. 
The trend present throughout the experiment was that 
for the three rates of damage, there was a greater reduction 
in the size of tubers than in the number of tubers* 
The Influence of the severity of damage and the time 
of damage on the marketable yield of potatoes was very 
- 110 
similar to the results found for the total yields of 
tubers. As the severity of damage was increased, the 
marketable yield of tubers was decreased. There was 
not any significant difference between th© control and 
light damage treatment applied at any stage of growth. 
Medium damage showed a highly significant difference as 
compared to the control when treatment was applied at 
stage 5. There was a significant difference at stage S, 
and a highly significant difference at stage 5, between 
the control and heavy damage. These same results were 
noted for total yields. There was not any significant 
difference among the different rates of damage when the 
treatments were applied at stages 1, 5, and 4. Light 
damage treatments at these times produced a higher 
marketable yield of tubers than their respective controls 
The greatest reduction in marketable yields occurred 
on plots damaged at stag© 5 (four weeks after bloom). 
This was the same critical period as found for total 
yields. The least number of tubers was produced on plots 
receiving light and heavy damage treatments at stage £. 
Medium damaged plots reduced the least number of market¬ 
able tubers when treatments were applied four v/eek» after 
bloom. 
The data presented in Tables nandDshows that as 
damage was increased, yields decreased, but that there 
was a greater decrease in the weight yield than in the 
Ill 
number yield* signifying that the slue of tubers Is 
affected more than the number of tubers produced* 
The unmarketable ylelds of the 1958 machine damaged 
plots did not exhibit any significant difference as to 
rates or times of damage* It must be reiterated that 
excess soil packing of the entire field* and the poor 
fertility conditions found in replications B and E 
reduced the sensitiveness of the experiment* The lack of 
statistical significance should not detract from the 
observed trends. There was a close relationship between 
the weight and number of unmarketable tubers signifying 
that both factor® are closely related and influenced in 
& similar manner* The greatest weight and amber yields 
of unmarketable tubers were found on plots receiving 
medium damage* The lowest yield® of unmarketable tubers 
was obtained on plots receiving light damage treatments 
at stage 5* and those receiving medium and heavy damage 
at stage 1* A lower number of unmarketable tubers was 
recorded for plots receiving medium damage at stage 5, 
but at all other times, and for all the rates of damage, 
there was a greater yield of unmarketable tubers over 
the control. This Inclination strengthen® the support 
that simulated hail damage, ©specially at the latter 
growth stag©® reduces the slues of tubers* There were 
no misshapen or malformed tubers found* 
The results of the 1952 hand damage {defoliation) 
experiment did not show any sigsi5.ficant effects of time 
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or degree of damage on total or marketable yields* There 
was a significant effect of time of damage on the un¬ 
marketable number of tubers* There were also highly 
significant differences among replications on the weight 
and number yields* These highly significant differences 
among replications reduced any validity that might have 
been present. Another factor which would undoubtedly 
reduce the responsiveness of the experiment was that 
the plots were only 7 feet in length* A plot of this 
size would naturally show a great border effect as compared 
to a longer treatment row* Finally the packing of the 
tractor and hail machine, and potato sprayer, which bed 
to pass over these rows certainly decreased the treatment 
sensitivity and Increased the error of the defoliation 
experiment* 
In spite of the fact that the treatments were not 
significant, the results still showed that the total and 
marketable yields of tubers were decreased as the severity 
of damage was increased* Reductions in yield were caused 
largely by the progressive decrease In the weight yield, 
but in an lncreese in the total number of tubers. This 
increase in the number of tubers was due to an increase 
In the number of unmarketable tubers, inasmuch ae there 
were a lower number or marketable tubers produced as 
damage was increased. The lowest weight yield of tubers 
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was recorded when defoliation occurred at stage 2, the 
first flower stage. This was the most critical period 
es far as the yield of marketable tubers was concerned. 
The least detrimental period appealed to be when 
defoliation was carried out at stage 5. At this time, 
the three rates of defoliation had a higher total and 
marketable yield than the control. The three rates of 
defoliation produced a higher total weight of unmarketable 
tubers than the control. The 50 percent defoliated plots 
produced the highest yields of unmarketable tubers. All 
plots with the exception of light damage treatments at 
stages 2 and 3 and medium and heavy damage treatments at 
stage 1, had a higher yield of unmarketable tubers than 
the control plots. 
The six© of the hand damage plots makes it unjustifiable 
to compare the results with the machine damage plots in 
1952. 
In order to reduce the errors present in the 1952 
experiment, a number of adjustments were made in 1953. 
The location of the plots was changed to another field 
on Brooks Farm where the land was more level and thought 
to be less variable in fertility. The field layout was 
also changed to reduce two error© that were present in 
1952. The hand damaged plots, increased to 25 feet in 
length were positioned laterally (See Figure 2) to the 
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machine plots. This eliminated the problem of having 
the hail machine pass over these rows. The plots 
were also arranged in such a manner that spraying of 
the plots could be accomplished from the outside* thus 
reducing the packing. The plots were ten rows wide, 
the two outside rows served as guard rows* The 8 inside 
rows were the treatment rows} 4 for the machine plots, 
and 4 for the hand defoliation plots, randomised 
independently. 
The 1953 machine damaged total yield plots showed 
a very highly significant difference a® to time of damage, 
a highly significant difference as to degrees of damage 
and replications, and also a significant Interaction of 
rate x time on the total number yield. The significant 
difference among replications was present in spite of the 
change made to eliminate this error. An examination of the 
results showed that there was a continual decrease in the 
weight yield of the control plots diagonally ©cross and 
down the field, with the highest control plot yield 
recorded in Block £, of the piotB damaged at stage £, and 
the lowest yields recorded on plots in Block A, treated 
as stage 1. (See Figure 2). The hail machine treatment 
control plots in some cases had slightly lower yields 
than the hand damage control plots. The differences among 
replications dan be attributed to these two above mentioned 
factors, but to a greater degree to the soil fertility 
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difference* The low yield of the machine control 
plots of stage 4* were attributed to early dying, 
(Verttcilium albo~atrum) • The hand damage control 
plots of this same treatment were not affected* There 
was no reooTery of the machine damaged plots treated 
at this time* 
The analysis of the machine treatment results 
showed that there was at least a significant difference 
among the control and the three rates of damage on 
yields indicating that hail damage has an adverse effect 
on the total yield of potatoes. The reduction in yield, 
as in 195£, was due to a greater extent to a reduction 
la the six© of tubers, than to a reduction in the number 
of tubers* Considering all rates of damage, there was 
in percentage a lower weight yield than number yield. 
The most critical periods, for the three rates of damage 
as compared to the control plots was at stage 3, the 
full bloom stage, and stage 5, 4 weeks after bloom* 
The plots treated at stag© 5, had a slightly higher 
yield, but not a significant one, than the plots receiving 
machine damage at stage 3. A comparison of the percentage 
reductionof weight and number yield again indicates that 
reduction in total yield is due to a decrease In the 
size of tubers to a greater extent than to a reduction 
In the number of tubers* This sme trend was noted on 
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yields on the 1952 machine damaged plots. The results 
of the two years (machine damage plots) are consistent 
in that the three rates of machine damage had no 
significant adverse effect on yields when injuries were 
applied at stages 1 and 4* Percentagewise, the three 
rates of damage produced lower total, marketable and 
unmarketable weight and number yields in 1953, than 
in 1952 when compared against the controls. The actual 
yields however were higher for 1953 than for 1952* 
There are a number of the complex phenomena working here. 
Unquestionably the envrionmental conditions played an 
important part (see summary of weather data for two 
seasons) * The lower mean temperatures, and almost normal 
rainfall of 1952, could have reduced the effect of the 
damages on the potatoes, while in 1953 the high temperatures 
and the drought conditions prevailing could have been 
the cause of the higher percentage lossess* Conceding 
the fact that the growing conditions were more suitable 
for potatoes in 1952, the yields were higher in 1953. 
The increase this year could have been due to one or 
the other or the combination of reduced soil packing, 
and location change. It could be that these two factors 
acting singularly or in combination, had a greater 
influence on yield, the weather factors of 1952* 
A further comparison of the two years machine damaged 
treatments indicates that in 1952, the three rates of 
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damage produced hi#ier mean yields of unmarketable 
tubers than the controlst while in 1953, the same three 
rates of damage produced lower yields of these tubers * 
Assuming that the rates of damage were the same for both 
seasons, the high yield of these unmarketable tubers must 
hare been influenced by something else. As stated 
previously, the poor fertility of Blocks D and S in 1952 
produced a high yield of these smell tubers. The excess 
packing could reduce the size of tubers. The more normal 
season In 1952 would naturally produce a higher number 
of tubers, than the drier and hotter 1953 season, but 
the conditions following such as a hall storm, or excess 
packing of the soil may adversely affect the ultimate yield. 
A storm on August 10, 1953 In which 1.01 inches of 
rainfall fell in a 24 hour period halted the recovery of 
machine damaged plots treated at stage 4, but had no 
effect on the hand treated plots defoliated at the same 
time. The machine treated plots and the hand defoliated 
plots were recovering by sending out secondary shoots. 
After the rains had com© and gone, the hand damaged plots 
continued to recover, but the machine damage plots, 
including the control plots were showing "early dying" 
(Vertlolllum albo-atrum) and a few days later all the 
plants were dead* The reason why these control {undamaged 
machine) plots were also affected was that they wore 
bruised by the tractor and hall machine wheel to a 
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sufficient degree to make them susceptible to the 
disease* 
The 1953 yields of marketable machine damaged plots 
were lower (percentagewise) than the I95B yields for the 
same rates of damage* light machine damage in 1963 had 
no adverse effect on marketable yields except at stag® 3* 
Medium and heavy machine damage treatments reduced market¬ 
able yields of tubers most when treatments were applied 
at stages 3 and 5* These same results were evident in 
19SB on the machine damaged plots* Medium and heavy 
damage application had the least (not significant) adverse 
effect on yield when treatments were given at stage 4* 
This same tread was evident in 19SB* Bow reliable it is* 
is questionable* The control plots for these treatments 
were the lowest of all the controls both seasons* Those 
low control yields reduce the comparison that could 
otherwise b© made* had the controls been xaori normal* 
However the results still showed for both seasons* that 
heavy damage had higher* but not significant, yields than 
medium damage at this time* Another reason why these 
control row® may have had the smallest yield® might have 
been that soil packing, caused by the tractor and hail 
machine, was most damaging at this time* 
The 1953 machine unmarketable yields showed a close 
relationship among weight and number yields* The progressive 
increase or decrease in weights of unmarketable tubers 
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was due to a parallel Increase or decrease in the 
number of tubers* There were no significant differences 
regarding time of damage. The lowest yields of un¬ 
marketable tubers were found on plots rocairing machine 
damage at stages ?. and 3* The highest yields of un¬ 
marketable tubers were recorded at stages 4 and 5, 
These results are understandable. Machine damage at an 
earlier stage of growth when the plants are rapidly 
growing and forming tubers would naturally be limited 
in the number of tubers to be produced if the damage is 
serious enough to halt the production of excess carbo¬ 
hydrates, There is rery little new tuber formation 
taking piece at the later stages, and all the excess 
carbohydrates are going into the enlargement of the 
tubers. In this latter case, the near maximum number 
of tubers are already present* Any setback at this time 
v^ould affect the size of the tuber. The same general 
results were observed both seasons* 
The 1953 hand damaged plots showed highly significant 
differences among rates and times of damage, on total 
and marketable yields* There were no significant 
differences among replications such as found for the 
1953 machine plots, but th© differences for the control 
plots showed the same tendencies as for the machine plots* 
The analysis of results showed at least significant 
differences among the mean rate weight yields. But the 
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only significant difference between the control end 
the different rates was at times 1 and 3, At time 1, 
there was a significant difference between the control 
and heavy damage* At time 3, as far ns weight yields 
were concerned, there was a significant difference 
between the control and light damage, and a highly 
significant difference between the control and medium 
damage and between the control end heavy damage. There 
were no significant differences as to the number of 
tubers produced at time 5, indicating that defoliation 
at this time reduces the size of tubers but does not 
\ 
affect the number of tubers produced* There were no 
significant differences among rates of damage on weight 
yields when treatments were applied at stages 2, 4, and 
5. Considering the three rates of damage on weight 
yields, the most critical period is stage 7u Medium 
damage at this time produced the lowest total weight. 
Heavy damage treatments reduced the weight yields 
significantly at times 1 and 3. The lowest yield for 
this degree of damage was recorded at time 1, indicating 
that for 75 percent defoliation, this is the most critical 
period. Not only was the number of tubers reduced 
permonent3*y, but also the size of the tubers already 
formed was decreased* The least critical periods of 
damage on total yields are at times 2, 4, and 5. Light 
damage at time 5 produced the highest weight yields when 
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compared to all other times, and also n greater number 
of tubers tnaa the control. Medium damage also produced 
the highest yields at stage 5. Heavy damage had the 
least adverse effect on yield when the defoliation was 
carried out at stage 4. These same general trends were 
present in 1952 for the hand damage plots. 
Marketable yields of hand defoliated plots did not 
show any significant differences among rates of damage 
when defoliation took place at stages 2, 4, and 5. 
There ms no significant difference as to the number of 
tubers produced at time 2 for the throe rates of defoliation, 
but at stage 4 there was a significant difference between 
the control and light damage, and at stage 5 between the 
control and heavy damage. These results would indicate 
that although defoliation at these two times (4 and 5) 
reduced the number of tubers for the rates mentioned, 
it did not have any adverse effect on marketable yield. 
The greatest reduction (not significant) for light 
damage marketable yields was at time 4; for medium damage, 
lowest weight yield was recorded at time 3, the lowest 
numoer yield at time 1; heavy damage produoed the lowest 
yields when treatment ms applied at time 1. The three 
rates of defoliation had the least effect on yields at 
times 4 and 5. The three rates of defoliation at time 5, 
all produced a higher weight yield of marketable tubers 
than the control. This would Indicate that defoliation 
at this time not only is least damaging, but that it may 
actually be osnefloial. 
The unmarketable yields of the 195? hand damaged 
plots showed a highly significant difference in the rate 
x time interaction on weight yields, and a significant 
rate x time interaction, and time of damage on the number 
yields of tubers. These interactions of rate r time 
illustrate that there exists a strong dissimilarity among 
rates of damage and the time the damage la applied. This 
will be clarified as the discussion is continued. 
Defoliationo at times 1, S, and 3 produced a smaller 
number and weight yield of unmarketable tubers (with the 
exception of hoavy damage at* time 4). These data strongly 
suggest that early damage results in the production of 
relatively few, small unmarketable tubers. Damage 
occurring later #hen the tubers are in the process of en¬ 
larging results In an increase in both number and weight 
of unmarketable potatoes. 
The comparison of hand defoliated plots sad the 
machine damaged plots is not Justifiable when one considers 
the differences in tha type of damage infliotad. In the 
former, damage is Inflicted by cutting onlyj in the latter, 
the damage is a bruising and a shredding of the entire 
plant. The primary reason for the hand defoliation section 
in the study was to hare some controlled means oi‘ 
evaluating a specific or actual pereeufcage of damage 
through loaf and/or stem removal. It is only on this 
basis that a comparison will be made. Inasmuch as the 
hand plots were not the same length &a the machine plots 
in 195£, these results cannot be compared. The 1953 
results for the m&onlne and hand damaged plots show less 
errors and are probably more indicative of the nature of 
damage involved, than the 1952 results# Since the machine 
and hand damage plots were the same length in 1953, and 
all the environmental conditions were the same for the 
both types of treatments, a more reliable comparison 
can be and will now bo made. 
Considering the rates of damage (irrespective of the 
time of damage), the results are somewhat parallel. 
Total yields of machine and hand damaged plots receiving 
their respective light and heavy damages had similar 
reductions in total and marketable weight yields over 
the control. The maonine and hand damage treatments 
px’odueed about the same yields of unmarketable tubers. 
Another similarity v/ae the fact that both machine and hand 
damaged treatments showed a greater reduction in the size 
of tubers than in the number of tubers as far as total 
and marketable yields were concerned, but for both yields 
(weight and number) the damages reduced them significantly. 
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There were also many differences between the two 
types of damage treatments. There were greater reductions 
in the weight and number yields of the total and market¬ 
able tubers for all rates of machine damage, than for 
the hand defoliated treatments. There was a wider 
difference in percentage between the weight and number 
yields on the defoliated plots, than on the machine 
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damaged plots. This would indicate that there exists a 
difference in the types of damage caused by the two 
methods. Defoliation has a much greater adverse effect 
on the size of tubers than on the number of tubers. 
Machine damage treatments, although they had a greater 
effect on the sire of tubers,showed a much closer relation¬ 
ship between the weight and number yield reductions, 
suggesting that the bruising effect of hallhad a greater 
influence on the number of tubers to be produced, than 
hand defoliation. 
An analysis of the unmarketable yield® of the two 
types of damages showed similar yields for the medium 
damage treatments. Light and heavy defoliations produced 
a higher yield of unmarketable tubers, than the machine 
light and heavy damage treatments, which produced the 
same yiol&fi of these types of tubers as medium maohin© 
damage. 
Comparing the results of th© two types of treatments 
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as to times of damage* the result© allow agreement that 
all the various degrees of damage (hand and machine) 
did not have any significantly adverse affect on total, 
marketable and uinaarketable yMds when treatments were 
applied at stage 4, two weeks after full bloom# The two 
types of damages show parallel results for damages applied 
at stage 3# There were highly sigulfleant differences 
between the control and medium damage, and between the 
control and heavy damage for defoliation and simulated 
hail damage# The differences that existed were that 
defoliation damage had no significant reduction in the 
number of tubers, but thero was a highly significant 
difference among the control and the three r&tea of damage# 
This circumstance sheds further light on the fact 
that mechanical damage is different from defoliation 
damage# Another important difference between the two 
types of damage as far as time of damage la concerned, 
was that defoliation at time 5 did not have any significant 
effect on the total yield of tubers, while simulated hail 
damage at this time had a highly significant difference 
between the control and heavy damage, a significant 
difference between the control and medium damage, and 
differences approaching significance between the control 
and light damage as far os total weight yields were 
concerned. At stage 1, to illustrate another difference, 
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the simulated hail damage did not have any significant 
reduction on total ©nd marketable weight yield®, hut 
defoliation (75$) at this time produced the lowest weight 
yield of any treatment of any time* The results of the 
unmarketable yields show similar results on the machine 
and hand damaged plots in that the rate of damage by 
itself had no significant effect on yields* The defoliation 
treatments had a significant interaction of rate x time 
on the yields of unmarketable tubers, but there was no 
interaction a® far machine damage was concerned* 
The writer is of the opinion that the tm types of 
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damage are sufficiently distinguishable to be considered 
as different, and that the time, money, end resources 
spent in the development of the machine will be deserving 
In the future to determine the effects of simulated hail 
#< 
damage* The writer further believes that the type of hail 
damage is indistinguishable from natural hail damage, as 
attested by a number of experienced hail adjusters who 
examined the effects of the machine damage on a number 
of crops at a hail adjusters school conducted at the 
University of Massachusetts in 19 5£ and 1955* An examina¬ 
tion of the damage caused by a natural hall storm by the 
writer at a nearby farm, showed exactly the same kind of 
damage, on potatoes and tomatoes as that caused by simulated 
machine damage* 
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The results of the tomato experiment previously 
presented are rather obvious, and little discussion is 
required to bring to light any more facts. The machine 
treatments reduced yields of tomatoes to a much greater 
degree than defoliation. The light and medium machine 
damage treatments applied during the three weeks after 
setting stage, could have produced as high a yield as 
the control plots if the picking periods were extended 
past the nine pickings made, providing no frost occurred. 
The results of the bean experiment are those of a 
one year study* Records were taken on pod number and 
seed weight yields for machine and hand damage plots. 
Separate control plots were employed, as for the tomatoes 
and potatoes, for each type of damage and for each time 
of damage to increase the accuracy of the experiment 
and to get as accurate a picture as possible. 
Ma hine treated plots showed that reductions in total 
yields were due to a reduction in the number of pods and 
the weight of seeds, and that the latter was reduced 
more by damage than the number of pods. Nevertheless 
both reductions from the treatments applied, showed highly 
significant differences in comparison to the control plots. 
The results further showed a higily-significant interaction 
of rate x time as to weight yields, signifying a disimilar 
response as to the degree and time of damage. 
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A oonsidoration of the different rates showed a 
highly significant difference among the mean rates of 
dfciaage* There were highly significant differences among 
the control and the three rates of damage, and between 
the light and heavy damage on weight yields. The analysis 
of the results showed that light damage applied at times 
1 and 5 did not have any significant adverse affect on 
weight yields* 
At the other three times of damage, there were 
significant differences between the control end light 
damage treatments as far as weight yields were concerned, 
but no differences as to number of pods for the degrees 
of damage. The lowest weight yields were obtained when 
the damage was applied at'time 4 for all degrees of damage* 
The lowest number yield for light and medium damage was 
recorded at stage 3 and for heavy damage at stage 4. 
Stages 3 and 4 appear to be the most critical periods, 
with a greater weight reduction taking place at the latter 
time and a greater number reduction at time 3. It should 
bo emphasized that reduction took place at all other 
stages, but that the greatest reduction In yield v/as at 
these two stages (3 and 4)* Light damage at stage § had 
no adverse effect on yield* In fact, light damage at this 
time produced a greater, but not significant, number of 
pods than the control plots. Heavy damage at this time had 
129 
a highly significantly lower weight yield than the 
control and the two other rates of damage, but there 
was not any significant reduotlon as to the number of 
pods* A general observation showed that seed quality 
(appearance) was somewhat poorer on plots damaged at 
stages 4 and 5* 
The Inference that can be drawn fro® these results 
is that simulated hail damage at any stage of growth 
will result (with the exception of light and medium 
machine damage at the last stage of growth) in lower 
weight yields, with the greatest reduction in yiaids t 
taking place at stages 3 and 4. This is understandable 
when one considers that this is the period of full bloom 
and bean development* The decreases in yields when th@ 
damage was applied at stages 1 and 2 would not be as 
damaging* Understandably damage at this time would 
reduce the number of flowers which should reduce the 
number of pods. But when one considers the flowering 
process of beans, it is realized that the plant Is capable 
(providing the environment si conditions are ideal, and 
the food supply adequate) of having many more flowers 
than ever develop into pods. However it should be pointed 
out that if the plant damage is heavy there will be a 
loss in yield even at this stage of growth. That the 
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rates of xnechine damage were seriously destructive is 
apparent from the results* 
The hand damaged plots showed a highly significant 
difference among rates of damage, time of damage and 
interaction of rate x time indicating that the plants 
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respond In & distinct manner to the defoliations applied 
at different times* It would mm fairly obvious that if 
defoliation were delayed ns the crop matured, that yields 
would likewise be reduced* The results show that reduction 
in yields were ©loeoly correlated with the reduction of 
the number of pods. This was especially true where light 
damage was concerned. Medium and heavy defoliation had 
8 slightly lower weight yield than number yield indicating 
that defoliation of these degress not only reduces the 
number of pods, hut also reduces the weight of remaining 
been© in the pods* Light damage showed a linear reduction 
of total weight from time 1 to time 5, the latter having 
the lowest yields over the control plots, 
A comparison of the two types of damage treatments 
showed some similarities, Vfam yields are oppressed in 
percentages of the control plots, oaoh of the three rates 
of damage, hand and machine, caused about the same reductions 
in yield. Generally, the period at which similar rates 
of damage reduced yields most was at time 4, This 
similarity should not be concluded to mean that the effects 
are the same for the two types of damage, because except 
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for time 4, the effect* at other growth itages were 
different* For thfe m&ohlae ond hand damaged plots* this 
was the moet critical period* The result# of each show, 
that ev»sn at this time* that machine damage plot a had 
a lower weight yield for. each rut a of dmsfcge than the 
defoliated plots?. This would indicate that Simula tad 
hail damage even at this moat critical period is more 
detrimental than defoli stlou* A further compart»oa 
shows that machine damage applied at stag© b, was le&st 
damaging, while defoliation at this time ima almost as 
critical time 4 for the defoliated plots. Defoliation 
damage at time 1 did not nave my significant adverse 
effect on yield, but machine damage at this time shewed 
a highly significant difference between the control and 
the two degrees of damage {medium and heavy), end very 
nearly a significant difference between the control and 
light damage. Tfc** reason why these performances are brought 
out ia the discussion ie to strewn the fact that different 
percentages of leaf and atom xmrel at similar tines of 
simulated hail injury do not omm the name degree or type 
of injury. 
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SUMMARY ARB CONCLUSIONS 
The object of this study vas to determine the effects 
of simulated hail damage on subsequent yields, of potatoes, 
tomatoes and beans* 
A hail machine vas developed by the University of 
Massachusetts vhich the inclusion of water, wind and ice 
simulated the conditions accompanying a natural hail storm* 
The damage vas very similar in appearance to that caused 
by natural hail, and it is doubtful whether the two could 
be distinguished* 
Damage on the above mentioned crops vas also done 
by defoliation of a known percentage of leaves and stems 
to serve as a basis for controlled damage study* 
Three rates of machine damage designated as light, 
medium, and heavy; and three rates of defoliation 25, 50 
and 75 percent were applied at five different growth 
stages of potatoes and beans, and three different growth 
stages of tomatoes. * 
The 1952 and 1953 experiments for potatoes and the 
1953 experiment for beans were factorial experiments. 
The three degrees of mechanical damage had no 
significant adverse effect on yields when treatments were 
applied at the 8 to 10” growth stage, and. at two weeks 
after bloom. These results were significant for both seasons. 
Records were taken on total, marketable and unmarket¬ 
able weight and number yields of hand defoliated and 
simulated hail damaged plots. 
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The moat critical period for simulated hail damage 
for total and marketable yield® of tubers was at the 
full bloom stage, a secondary critical period not 
significantly different from the full bloom period wsu* 
the period four weeks after bloom* 
The effects of the time of damage wera different 
between the hand defoliated plot® and the simulated hail 
damage plots* 
The most critical period for the hand defoliated 
plots was the same for total and marketable yield* The 
full bloom stage defoliations had the largest reductions 
in yield* 
The different rates of damage, machine and hand, 
showed no significant differences among treatment® as to 
unmarketable yields* Damage at the earlier two stages 
reduced the weight and number of the unmarketable tubers* 
Damage at the last two stages produced a higher total 
yield of unmarketable tubers* 
Mechanical damage reduced total and marketable 
yields more than hand defoliation* Yield reductions were 
affected more by a reduction In the sia© of tubers than 
the number of tubers for machine and hand defoliation 
plots* 
Simulated hail damage reduced yields more than 
defoliated damage on tomatoes* As the time damage was 
delayed yields were decreased. 
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Mechanical damage reduced yields of beans more 
than did hand defoliated damage* Weight of seed© was 
greatly influenced by both types of damage, the number 
of bean pods to a leaser extent* 
The most critical period for machine end hand 
damaged plots was between late flowering and bean formation 
stage. Mechanical damage reduced weight yields most at 
th© bean formation stage, and the number of pods most 
at the full bloom stage* Machine damage at th© moat 
critical period had lower weight yields than defoliation 
damage* 
Defoliation at the six inch stage had no significant 
adverse effect on the yield of beans, but mechanical damage 
at this time showed some highly significant differences 
among rates of damage at this time. 
The two types of damage are sufficiently distinguish-* 
able to b® considered as different* The heaviest amount 
of defoliation did not reduce yields as much for any crop 
as heavy simulated hail damage caused by the machine* 
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jupp atari 
Monthly Summary of Weather Data during 
the 1952-1953 Growing Seasons 
May 1952: 
"The Weather during the month of May (5) was unusual 
because the mean daily temperature was slightly below 
normal; the mean daily temperature was 56*1 compared to a 
normal 57*1.......Rainfall occurred chiefly on weekends. 
The total rainfall for the month was 4.00 inches as compared 
to a normal of 3.60 inches. The mean relative humidity 
continued to be far above normal with a reading of 74.) As 
compared to a normal 60.7* The mean cloudiness was near 
normal, and the percent possible hours of sunshine with the 
reading of 51*1 was slightly below the normal of 55.6." 
June 1952? 
Patterson (18) reported that "total precipitation for 
the month was 4.97 inches of which 2.70 inches occurred 
on the first day* The storm starting May 31 accumulated 
2.76 inches of rain in less than 12 hours. Good weather 
prevailed throughout most of the month with only four days 
that were cloudy. Bright sunshine occurred 58.1 percent 
of the possible hours, the normal for the month being 54 
percent. As in the preceding month, the mean relative 
humidity remained high. A high temperature of 98P occurred 
on the 26th with a mean of 84.5° for the day." A total of 
.49 inches fell over a three hour period on the 25th, the 
day after potatoes were hailed. On the 26th, .26 inches 
fell over a one hour period. The weather was clear and 
sunny six days before treatment. 
July 1952s 
Patterson (19) reported that "the highest temperature 
for the month was 95° which occurred on the 14th and 23rd, 
and the lowest was 50°F. on the first. The mean temperature 
was 75°, the normal for the month being 70.8P. The highest 
mean daily temperature was 82.5 F., and the lowest mean 
daily 65.5°F...*.The rainfall was slightly above normal for 
the month with 4.99 inches of precipitation, the normal for 
the month being 4.10 inches. Of the 4.99 inches of rainfall 
for the month, 2*01 fell in an eleven-hour period on the 
10th...*. The number of clear days for the month was 16, the 
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normal being 10. Five thunder and lightning storms 
occurred during the month." Weather was clear and warn 
two days before treatment on July 1st, and hot and dry 
two days following. A total of £.01 inches of precipitation 
fell the day before treatments were applied to tomatoes 
and potatoes. The weather was hot and dry until the 27th, 
at which time l.£l inches rain fell over a nine hour period! 
This was three days after damage was applied to potatoes 
and tomatoes. 
August 19 5£: 
"The weather for August (£0) was normal. The mean 
temperature was 68*95° with a precipitation of 3.98 inches. 
Although the weather conditions were normal for the month, 
the serious summer drought experienced by eastern and 
southern states carried into the early part of August and 
was ended by heavy rains, wind storms, and hail between the 
10th and 17th of the month. The atoms were localized and 
did a great deal of damage to the farm crops and buildings 
in the areas affected.*1 A light hail storm fell three miles 
north of the experimental plots. The damage was very similar 
to that caused by the hail machine. Very brief light showers 
amounting to .28 inches of rainfall fell over a three day 
period before treatments were applied on the 7th. The 
weather was warn and clear the next two days. Light shower3 
followed for a four day period totaling 2,36 of precipitation. 
September 1952: 
**The mean daily temperature for the month of September 
(21) was 1.5 degrees above normal and the mean relative 
humidity was 8*6 percent above normal. The number of hours 
of bright sunshine was 84 compared to a normal 201. All 
these factors made the month of September seem unusually 
warm and in many case uncomfortable. There was no frost 
during the month of September." On the 1st 1.45 inches of 
precipitation fell over an eight hour period. The weather 
was then above normal in temperature for the next ten days 
at which time the potatoes were harvested. 
May 19531 
"The mean daily temperature for the month of May (22) 
was 2,6 degrees above normal. The rainfall for the month 
was 6.76 inches compared to the normal of 3.60 inches." 
A total of 2.37 inches of precipitation was recorded after 
potatoes were planted on May 20th, 
June 1953: 
"The mean daily temperature for the month of June (23) 
was 69,1 degrees. This is 3,4 degrees above normal. The 
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precipitation for the month was 2.41 inches compared to 
the normal of 3.75 inches. During the period May 28 to 
June 21 there was only 0.11 inch of rainfall, thereby creating 
mild drought conditIons." The month of June was below 
normal in rainfall but above average in sunlight and average 
mean temperature. 
July 19531 
"The small amount of rainfall 1.95 inches, compared 
to the normal of 4.10 inohes was the outstanding feature 
of the July (24) weather. The mean daily temperature and 
the mean relative humidity were both very near normal. 
The temperature was in the "90*3" for four consecutive 
days, July 16, 17, 18, and 19.* A total of 0.84 inches of 
precipitations fell over a ten hour period beginning at two 
in the afternoon after treatments were applied in the morning 
on the 8th* 
August 1953: 
"The weather for the month of August (25) was unusual. 
The early part of the month was cool with the last week in 
the month reaching record highs. The mean daily temperature 
for the month was 1.2 degrees normal. Although the record 
high temperature for August was not broken, record high 
temperatures were recorded for August 29, 30 and 31. The 
rainfall for the month was 1.87 inches compared to the normal 
of 4.08 inches. Dr. Ives of South Amherst reported that 
August was the tenth consecutive month with the abofe normal 
temperatures. He also observed that this was the fifth 
driest summer (least rain) since 1929." Four days after 
treatments were applied on the 5th, rain fell from 10 P.M. 
on the 10th to 5 P.M. on the 11th. A total of 1.84 inches 
of precipitation was recorded. The other 0.05 inches fell 
on the 2nd. 
September 1955: 
"The outstanding feature of the September (26) weather 
was the low rainfall. The precipitation was 1*88 inches 
compared to the normal of 4.24 inches* A new record temperature 
for the month was established September 2 when the mercury 
reached 99 degrees." No rainfall was recorded from August 
10th up to harvest time* 
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Plate 2. Simulated heavy damage applied by 
machine on potatoes two weeks after 
bloom. 
Plate 5# Nonnal potato stem (left) and stem 
showing medium degree of machine damage. 
Plate 4* Typical simulated hail damage 
on beans. 
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